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CHEMICAL  AND  PHARMACEUTICAL  PROCESSES 

AND  PREPARATIONS. 


THOMAS  E.  JENKINS,  M.  D. 
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To  Hon.  R.  C  McCohmick, 

Commhsioncr-Gcueral : 

Sir:  I  have  the  houor  to  seD<l  you  horevvith  tbo  reiK)rt  of  Dr.  Thomus  E.  .Icukins, 
Commit- sioner  of  the  United  States  from  Kentucky  to  the  Paris  Exposition  of  187^,  as 
member  of  the  International  Jury  of  UeoompeuseH  in  tlie  Jury  of  Class  47. 

During  his  last  illness  Dr.  Jenkins  sent  for  me  and  placed  his  report  in  my  hands, 
with  tho  request  that  I  rc^vise  and  prepare  it  for  publication.  In  fuliilliug  bis  com- 
mission I  have  been  able  to  do  very  little  more  than  make  some  slight  changes  in 
nomenclature — suggested  by  him — and  arrange  the  sheets  in  tlu^  iiroper  onlor. 

Verj'  respectfully, 

SAM.  G.  STEVENS. 


[Bxtraot  firom  tho  Oflioial  Claasifioatiun.] 
CLASS  47.— CHEMICAL  AND  PHARMACEUTICAL  PRODUCTS. 

Acids,  alkalies,  salts  of  all  kinds.  Sea-salt  and  products  extracted  from  mother- 
water. 

Various  products  of  chemistry:  wax  and  fatty  substances;  soaps  and  candles;  raw 
materials  used  in  perfumery ;  resins,  tar,  and  the  products  derived  from  them ;  essc^nces 
and  varnishes;  v^arious  coating  substances;  blacking  Objects  made  of  india-rubber 
and  gutta-iH'rcha ;  dyes  and  colors. 

Mineral  wat-ers  and  natural  and  artificial  aerated  waters.  Raw  materials  used  in 
pharmacy.    Medicines,  simple  and  made  up. 

CLASS  53.— APPARATUS  USED  IN  CHEMISTRY,  PHARMACY,  AND  TANNIN(;. 

Laboratory  utensils  and  apparatus. 

Apparatus  and  instrnmenta  used  in  assays  for  industrial  and  commercial  purpose's. 

Process  and  appliances  used  in  tho  manufacture  of  chemicals,  forges,  and  candles. 

Processes  and  apparatus  used  in  the  manufacture  of  essences,  varnishes,  and  articles 
made  of  india-rubber  and  gutta  pei*cha. 

Processes  and  apparatus  used  in  gas  works. 

Processes  and  apparatus  used  in  bleaching. 

Processes  used  in  the  preparation  of  pharmaceutical  iiroducts. 

Processes  used  in  tan-yanls  and  in  leather-dressing. 

Processes  and  apparatus  used  in  glass  works  and  in  china  and  earthenware  maun- 
jiactorics. 
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CHEMICAL  AND  PHARMACEUTICAL  PROCESSES  AND 

PREPARATIONS. 


INTRODUCTION. 

Seveu  worlcVa  fairs  have  been  beld  since  tbe  Crystal  Pal-  Kefor- 

ace  was  orected  m  Uyde  Park  in  18i>l,  at  nitervals  of  two,  "Woria-HFuirH. 
tlu-ee,  four,  live,  and  seven  years,  which  have  progressively 
grown  in  extent,  comprehensiveness,  variety,  interest,  niag- 
uilicence,  importance,  and  usefulness,  until  the  present  Ex-    Tjie  PariH  ex 

'        '^  '  '  *  position  uupreot*- 

position  at  Paris  opened  upon  the  world  with  its  unpre-«^nt«i  in  extent 

anci  8pI«inuor. 

cedented  exhibition  of  the  results  of  the  genius,  skill,  and 
industry  of  all  peoples,  surpassing  all  its  predecessors  in 
magnitude  and  in  splendor,  and  serving  as  a  monument  to 
the  wisdom  and  taste  of  the  people  who  stand  first  among 
nations  in  the  material  industries  as  well  as  in  literature 
and  art. 

The  frequency  of  these  peaceful  international  contests  for ,  si*^^  interval 
supremacy  in  the  useful  arts  leaves  little  time  between  any  tion«  iiniit»  tii<. 

..     m  /.  1  . ,  .  .  extent  of  novel- 

two  ot  them  for  the  manifestation  oi  any  general  striking  ties  prescnteii. 
progress  in  the  industrial  arts;  still,  the  sharp  competition, 
especially  between  the  different  European  countries,  result 
ing  from  the  desperate  struggle  for  existence  diuing  the 
few  years  just  passed,  like  necessity,  ha^j  compelled  a  prog- 
ress which  is  apparent  even  to  the  casual  observer  as  he    i^rogresn  very 

apparent    never* 

runs  through  the  vast  collections  tlisi)layed  at  Paris  this  theieaa. 

year.    Products  are  here  seen  to  day  to  be  greatly  imj^roved 

over  those  shown  at  the  last  Exi)osition  held  in  this  city, 

and  at  the  same  time  prices  in  most  instances  have  fallen 

to  a  surprisingly  low  figure  in  the  case  of  many  of  the  arti-  jn^^'^^^^^lSts 

cles  of  daily  and  general  use.    With  some  the  quality  has  andimprovement 

been  improved  and  the  old  i)rices  sustained;  with  others 

the  quality  has  remained  stationary  while  the  prices  have 

gone  down ;  with  others  again  there  is  observed  an  improve 

ment  in  quality  and  a  de[iression  in  x>nces ;  and  a  few  are 

stationary  in  both  respects.      Speaking  of  the  materials 

which  are  to  be  comprehended  in  the  scope  of  this  report, 

it  is  to  be  remarked  that  the  greatest  improvement  in  the 
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ii  \'"Si?t^^"and  ^^^^^^^^'"^  ^^  ^^^^  products,  together  with  the  greatest  fall  in 
dimiDishwt  price  prices,  is  iioticed  in  tlie  ease  of  the  newly  discovered  tintj- 

especiuU  V  notice-         ...  -  i.^/.,  i 

ahi.  iu  tinctorial  toruil  suDstances,  and  matters  derived  from  what  are  tenneu 

i»iil>8tancc8     and  ,       ^         .     ,  .      ,  ^,      ^  »  ,^    .^  . 

utiiizaiion      of  waste  pioducts  of  chemical  manuiactures.    All  tins  seems 

wuH  epiw  "c  »•  ^  show  that  technical  chemistry  is  mucli  better  understood 

and  more  successfully  practiced  to-day  than  formerly,  and 

foreshadows  the  rapid  progress  to  be  made  in  the  near  future 

in  the  industrial  arts,  thix)ugii  the  guidance  of  this  marvell- 

ciii'iniiitiy  theous  scieuce.     Chomistry  is  no  longer  tlie  occult  magic  of 

thetrncHciences.  the  middle  agcs ;  it  is  the  most  luminous  of  the  tnie  sciences, 

and  is  destined  ere  long  as  the  means  of  elucidating  much 
if  not  all  the  obscure  phenomena  of  nature.  The  veil  which 
till  lately  w  as  carefullj-  thrown  around  all  chemical  processes, 
and  all  manufactures  involving  chemical  laws  and  reaetions, 
is  rapidly  being  drawn  aside  and  disclosing  the  secrets  of  the 
few  for  the  benefit  of  the  many.  Prjictical  experiments  and 
discoveries  in  the  chemical  art«  are  being  described  and 
patented,  and  constantly  important  technical  memoirs  are 
read  before  the  scientific  societies  of  the  world.  This  is  real 
material  progress,  which  must  inevitably  exert  a  vast  influ- 
ence in  the  amelioration  of  the  condition  of  mankind, 
portou^e  ^*^tho  ^'^  transmitting  this  report,  the  writer  feels  that  ho  has 
Hai^eotofthiaro-been  treating  a  subject  of  vast  extent  and  importance  iu 
itself,  and  one  destined  to  exercise  an  influence  in  the  ma- 
terial destinies  of  our  nation  of  which  it  is  now  impossible 
to  form  an  adequate  idea ;  a  subject  which  deserves  and 
should  receive  much  more  attention  than  has  hitherto  been 
bestowed  upon  it.  In  view  of  its  magnitude,  the  multitudi- 
nous character  of  the  exhibits  relating  to  it  at  the  Exposi- 
tion, and  the  shortness  of  time  allotted  for  the  examination 
of  them,  he  feels  that  no  more  than  the  most  elementary 
and  superficial  survey  can  be  hoped  for. 
Exiiii»it»inihi8     Jq  order  to  get  a  view  of  all  the  exhibits  in  Class  47  it 

class      wattCTcd  ^ 

over  the  whole  y^^^  iieccssary  to  visit  every  i)ortion  of  the  immense  build- 
area      of      tbo  •^  *    * 

jirounds.  ing  kuowu  as  the  Palais  du  Champ  de  Mars,  as  well  as  scores 

of  annexes  and  outbuildings  erected  by  the  several  repre- 
8<!!nted  countries  in  different  parts  of  the  field  and  in  the 
inclosure  of  the  Trocadiro.  A  leisurely  walk  through  them 
all  required  the  whole  time  of  several  days,  and  to  make  a 
general  and  particular  examination  of  all  the  exhibits  de- 
manded the  attention  of  many  weeks ;  and  I  think  it  safe 
to  say  that  no  one  has  succeeded  in  seeing  them  all,  much 
i!oi»eii5i»8  to  less  has  he  been  able  to  subject  them  to  a  close  or  critical 

»Te  report.         examination  and  study.     It  was,  therefore,  considered  an 

almost  hopeless  task  to  undertake  to  make  a  thorough  and 
exhaustive  report  on  all  matters  comprehended  in  the  classes 
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through  which  chemical  and  pharmaceutical  subjects  were 
scattered. 

Commissioners  were  invested  with  no  power  or  authority  ^ij,^'"|^*>|j|j^2|^ 
by  which  they  could  command  facilities  for  obtaining  satis- *o^'i°fo"n'»f ^ol- 
factory information  in  regard  to  statistics  and  processes  of 
mauufactui*e,  and  consequently  they  had  to  rely  to  a  great 
extent,  for  the  most  valuable  portions  of  their  reports,  on 
the  gratuitous,  meager,  and  uncertain  statements  made  by 
exhibitors.    Members  of  the  jury,  however,  had  access  to  ^  Tho  opponimi- 

''      "^ '  '  tie«  aiid  chity  of 

the  necessary  facts  and  data  for  the  formation  of  a  useful  th©  jury, 
report,  but  the  examinations  made  by  the  juiy  were  made 
for  the  purpose  of  apportioning  awards,  rather  than  for 
framing  a  report,  and  their  visits  were  crowded  into  the 
short  space  of  six  weeks ;  consequently  their  work  was  too 
much  hurried  for  purposes  of  a  report.  During  the  fervent 
summer  weather,  too,  members  found  themselves  exhausted 
with  fatigue  before  they  could  begin  really  to  execute  their 
official  duties  in  anything  like  a  regular  and  systematic 
maimer. 

The  International  Jury  of  Recompenses  of  the  Paris  Ex-  CompoBition  of 
position  of  1878  was  composed  of  750  (and  350  supplement- 
ary) members,  who  were  selected  on  account  of  special  lit- 
ness  for  the  respective  classes  to  which  they  were  assigned 
from  the  different  countries  represented  at  the  Exhibition, 
and  appointed  by  the  administration  of  the  great  fair  on 
the  recommendation  of  the  officials  of  the  various  coun- 
tries. 

The  jury  of  Glass  47,  which  comprehended  chemical  and    xhe  jury  in 
pharmaceutical  preparations,  was  composed  as  follows:       oaiPi^aota. 

Prof.  RoscoE,  F.  B.  S England  and  her  colonies. 

Thomas  £.  Jenkins,  M.  D United  States. 

L.  Monrad-Krohn Sweden  and  Norway. 

Prof.  A.  CossA  Italy. 

M.  Matcheco Austria  and  Hungary. 

Prof  F.  Beilstein Russia. 

Prof.  PiCARD  SwitzerlancL 

Prof.  P.  Dewilde Belgium. 

V.  Joergensen Denmark. 

M.   Toriuss-Caicedo,    Minister    Plenipoten- 
tiary of  Salvador South  and  Central  America. 

Prof.  n.  D.  SiLVA Portugal. 

M.  Serrurier Holland  and  her  colonies. 

M.  Berthelot France. 

M.  FouRCADE Franct\ 

M.  L.  CniRis France. 

M.  C.  Lauth France. 

M.  Troost France. 

M.  SCHLCEsiNG France. 

M.  J.  FRAN9018 France. 
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Jury iinlaM47:  M.  FeRRAND Frauco. 

Clu-iuicul       Pro- «-    ^  ,, 

ductM.  M.  GuiBAL France. 

M.  Renard France. 

M.  Che valii:r-  I-^.hcot lYaiice. 

SUPPLEMENTAItY  JURORS. 

M.  Ph.  de  Clermont France. 

M.  JuNGFLKiscu  France. 

M.  KoND^:  ...    France. 

M.  L.  Brun France. 

M.  GODBFROY  (expert)    Austria. 

The  nature  and     The  work  of  the  iarv  was  arduous,  earnest,  and  finratui- 

necesHary  hmita-  o      v  7  70 

tioua  oi  th(^  jury  tous ;  but,  from  the  nature  and  magnitude  of  the  Exhibition, 
it  was  of  necessity  rapid  and  superficial,  and  it  was  natural 
under  the  circumstances  to  hear  of  cases  of  under  and  over 
valuation  or  estimation  of  exhibits.  This  was  unavoidable. 
It  has  always  happened,  and  in  all  probability  always  will. 
The  reasons  are  numerous  and  obvious,  and  for  the  benefit 
of  future  exhibitors  at  world's  fairs  it  may  not  be  out  of 
place  to  mention  a  few  of  them. 
«f^exhib?tora"to  T^^©  jury  was  expected  to  examine  every  article  in  the 
the  drt»8,  and  the  displays  of  the  many  hundreds,  and  in  many  cases  of  thou- 

nuuifi-ous     arti-         *      "^  •^  7  *f 

eii'«  in  tjach  vx-  sunds,  of  cxhibitors  in  a  class,  and  to  read  descriptive  cir- 
culars and  pamphlets  issued  in  connection  with  them. 
Afterwards  these  exhibits  had  to  be  subjected  to  a  general 
comparison,  and  each  one  assigned  its  proper  place  in  the 
order  of  merit;  and  to  do  all  this  six  weeks  only  were  al- 
lowed. A  few  figures  will  quickly  show  the  physical  im- 
possibility of  making  any  serious  examination  of  all  exhibits. 
Taking  a  class  in  which  two  thousand  exhibits  are  cata- 
logued, and  allowing  each  exhibit  to  contain  fifty  separate 
articles,*  would  give  one  hundred  thousand  articles  to  be 
examined;  and  a  jury  working  four  hours  per  day  would  be 
required  to  examine  over  ten  articles  per  minute  in  order  to 
complete  the  list  in  the  space  of  six  weeks. 
Defective laiK'i      lu  the  ncxt  placc,  want  of  facilities  for  rapid  jury  work 

or  iguoitinc-  of  WHS  frequently  encountered,  owing  to  defective  labeling, 

cnHtodianM  of  ex-    ,  ,  .  /.  .1  ^     t  ^        i  m  '^       • 

iiibitH.  the  absence  or  ignorance  of  the  custodian  of  exhibits,  in- 

complete or  defective  descriptive  lists,  inaccessibility  of  ex- 
hibits, incorrect  classification  of  exhibits  in  the  official  cata- 
logues, mis])laciiig  of  exhibits.!  Some  manufacturers  guarded 

*  Exhibits  of  chemical  and  phuniiacoiitieal  preparations  aver:ig<'<l 
more  than  fifty  to  a  case ;  one  exhibit  from  the  United  States,  in  Class 
47,  contained  above  a  thonsand  separate  articles. 

t  Om^  instance  is  known  wbere  the  e.vhibit  was  regularly  catalogne<l 
in  Class  47,  but  was  not  found  until  the  jury  had  finisbod  its  labors, 
when  it  was  discovered  in  the  bands  of  an  exhibitor  of  steum-macbin- 
<»ry  in  Class  r>4.  who  was  using  the  article  for  the  jiurpose  of  lubricat- 
ing his  engine,  for  which  purpose,  he  stated,  it  was  well  adapted. 
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80  jealously  their  processes  and  apparatus  that  uo  adequate  ^^f^^^^ 
idea  could  be  got  by  the  jury  upou  which  to  base  a  rational  proceiwes. 
opinion  of  articles  exhibited.  In  many  instances  no  facili- 
ties for  a  close  and  critical  examination  of  the  articles  were 
accorded,  but  evasive  and  sometimes  misleading  replies 
were  given  to  the  questions  of  the  jurors.  In  many  in- 
stances no  statistics  of  manufactures  could  be  obtained,  and 
occasionally  when  given  they  were  found  to  be  unreasona- 
ble exaggerations,  unworthy  of  credit«and  rendering  the 
exhibitor  liable  to  be  passed  without  recognition. 

The  following  is  a  tabular  statement  of  the  different  ^^^^fS^J^ 
countries  which  were  represented  at  the  Paris  Exposition, iJ^theoGJJ®^**^ 
1878,  in  Group  V,  Class  47,  with  the  number  of  exhibitors 
from  each,  the  number  of  recompenses  awarded  to  each, 
and  the  proportion  of  awards  to  the  number  of  exhibitors: 


Anstria-Himgary 

Belsium 

China   

Denmark 

Fjranoe  and  French  ooloniea,  inolnding  Algeria 

British  Empire 

Holland  ana  colonies 

Italy 

Japan     .     

Laxeml)«'turg 

Horway 

Persia  

Portagaland  colonies 

Boasia 

Spain... 

Sweden 

Sonth  and  Central  America 

Switzerland , 

Tunis         , 

United  States 


"S5 


156 
53 
16 
16 

561 

117 
51 

123 

8 

8 

28 

1 

58 
51 

125 
18 
57 
81 
2 
42 


1 

O  oi 

^ 

tf 

s%. 

o 

o 

^o 

J^ 

pu^ 

The  number  ot 
exhibitors  and  ot 
awards  in  the 
class. 


1»617 


83 
44 

2 

6 

480 

96 

25 

57 

4 

1 

13 

21 
43 
81 
12 
42 
20 


39 


1,069 


58 

83 

12.5 

87.5 

85.6 

82. 

49. 

46w3 

50. 

83.3 

4a4 

36.2 
84.8 
64.8 
66.6 
73.7 
64.5 


98. 


70.4 


Whole  number  of  exhiliitors 1, 517 

Whole  number  of  awards 1, 069 

Proportion  of  awnnla  to  exhibitors  (per  cent.) 70. 4 

The  signiiicanoe  of  this  table  is  apparent  and  no  com-    significance  of 
ment  is  necessary ;  but  it  may  be  worth  while  to  call  at-  table  above. 
tentiou  to  a  few  facts  relating  to  the  part  the  United  States 
took  in  this  world's  fair,  and  the  odds  with  which  her  ex- 
hibitors had  to  contend  in  the  competition  for  recognition 
at  the  Exposition  of  Paris. 

Ill  the  first  place,  the  act  of  Congress  providing  for  an    DifUcuitica  at 

.^  1  •      •         1  ij.       t  J.     j.\.       •    ^  J.    tending  the  exhi- 

ai)propnation  and  a  commission  to  attend  to  the  interests  i,ition  irom  tiw 
of  citizens  desiiing  to  send   their  exhibits  abroad,  ^^s  ^^****^  ^^^*'* 
passed  at  so  late  a  day  that  adequate  time  was  not  afforded 
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teSdSg^he  exhil  ^^^  exliibitors  to  prepare  objects  suitable  for  display  before 
uStSi  ^tes^^** J^^^^  ^^  picked  men  from  all  pjuts  of  the  world ;  and 

many  maiiufactuFers,  some  of  whom  were  the  largest  and 

most  imx>ortaut  in  the  country,  were  deterred  from  sending 

gerolro^tii^a^  t^^ir  productions  at  all.    Again,  the  meagerness  of  the  ap- 

propriataon.       i)ropriation  was  out  of  all  proportion  to  the  importance  of 

an  enterprise  which  should  have  been  carried  out  on  the 
grandest  possible  and  on  the  most  magnificent  scale,  since 
the  prestige  gained  at  Philadelphia  was  to  be  maintained. 
Unfortunately,  the  United  States,  as  represented  in  Class 
47,  did  not  meet  the  expectations  of  Europe  at  Paris. 
Many  of  our  leading  and  most  extensive  manufacturers, 
who  figured  so  conspicuously  at  the  Centennial  Exhibition, 

AmeriS'^at^he  ^^^  ^*^^  represented  at  the  Paris  Exposition ;  the  grand 
jjCcntc^r'no^  (displays  of  chcmicals,  which  attracted  so  much  attention, 
Pnria.  excited  so  much  interest,  and  received  so  much  praise  at 

Philadelphia  in  1876,  were  absent  from  the  building  in  the 

Champ  de  Mars  in  1878. 

The  nature  of     In  the  sccoud  placc,  it  should  not  be  forgotten  that  our 

tJUoEun>p«in»ci.  countrymen,  with  their  very  partial  show  in  Class  47,  had 

fiStarew!*^™*""  to  contend  against  France,  the  mother  of  modem  chemistry ; 

England,  the  giant  producer  of  chemical  products;  and 
Belgium  and  Switzerland,  the  very  bee-hives  of  scientific 
industry.  Notwithstanding  all  these  odds  against  us,  the 
tabulated  statement  above,  which  is  made  up  from  the  Offi- 
cial Catalogue  and  the  Official  List  of  Becompenses,  shows 
that  the  proportion  of  the  number  of  recompenses  awarded 
The  relative  to  the  United  States  in  the  class  of  chemical  and  pharma- 

percentage       of 

awards  to  United  ceutical  products  Is  22  per  cent,  higher  than  the  average  of 

Stateaozhibitoni.  ,     .      .,  .  .         ii  i.  •  ^  a      r^  n 

awards  in  the  same  class  to  all  countries  represented ;  ^.5 
per  cent,  higher  than  France;  11  per  cent,  higher  than 
England ;  10  per  cent,  higher  than  Belgium,  and  28.4  per 
cent,  higher  than  Switzerland. 

These  remarks  are  not  made  in  any  boastful  spirit,  but 
simply  as  a  matter  of  congratulation  to  the  intelligent  and 
industrious  citizens  of  our  country,  who  need  only  the  as- 
surance, which  is  best  given  in  a  great  international  contest 
like  the  one  just  past,  that  they  can  successfully  compete 
with  the  world,  to  stimulate  them  to  accomplish  that  suc- 
Our  futaro  nc-ccss.  It  is  vcry  evident  that  what  is  most  needed  in  the 
eign  murke?  "^  near  futurc  is  a  foreign  market  for  our  surplus  products  of 

manufacture,  not  only  those  represented  in  Class  47,  but  in 
many  other  classes;  for  manufacturing  countries  have,  or 
will,  shut  their  doors  against  American  goods,  as  France 
has  already  done  in  the  case  of  many  articles  manufactured 
on  this  side  of  the  Atlantic.  • 
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SULPHURIC   ACID.  SuJphuric  add. 

'  The  manufticture  of  sulphuric  acid  has  increased  at  a 

most  rapid  rate  during  late  years.    Furnishing  as  it  does 

the  most  reliable  index  of  the  growth  and  extent  of  the 

chemical  arts  in  general,  the  enormous  advance  made  in 

this  branch  affords  a  most  satisfactory  indication  of  the 

present  condition  of  industrial  chemistry.    In  France  the    French  produc- 

production  of  sulphuric  acid  has  increased  from  90,000,000  ^^^ 

kUograms  in  1867  to  150,000,000  kUos  in  1877.    Two  years 

previous  the  total  European  production  was  estimated  by 

Diete  at  840,000,000  kilos,  distributed  as  follows : 


Kilos. 

daotion. 


England 500,000,000  ^^^S;^""  P"^ 

France 150,000,000 

Germany 105,000,000 

Austria 40,000,000 

Bdgium 30,000,000 

Other  countries 15,000,000 

England  at  present  produces  over  16,000,000  kilos  weekly.  a^^S*^  '"^ 
Boscoe  puts  down  the  annual  production  at  850,000  tons. 
Angus  Smith  in  1877  estimated  the  amount  of  sulphur  re- 
quired for  the  sulphuric  acid  used  in  the  preparation  of 
artificial  fertilizers  at  100,000,000  kilos,  and  for  the  sul- 
phuric acid  used  in  soda  works  and  in  other  industries  at 
100,000,000  kilos;  the  total  equivalent  to  575,000,000  kilos 
of  pyrites. 

Sources  of  sulphurous  acid.  Sources  of  Bul- 

•^  ^  phuric  acid. 

The  chief  source  of  sulphurous  acid — sulphur — is  now        suipUun^. 
almost  entirely  replaced  by  iron  and  copper  pyrites.    The  g^^^^^"^'*'**' 
leading  exception  is  to  be  found  in  this  country,  where  the 
distance  of  pyrites  mines  trom  manufactuiing  centers  pre- 
vents competition  with  sulphur  derived  from  Sicily  or  the 
newly-discovered  deposits  in  the  Sierra  Nevada  and  the  ad- 
jacent region.    The  principal  sources  of  pyrites  in  Europe  ru^^iiTEar^DR'^ 
are  Spain,  whose  annual  production  is  in  round  numbers 
440,000,000  kilos,  averaging  48  per  cent,  of  sulphur ;  Great 
Britain,  59,000,000  kilos ;  France,  178,400,000  kilos,  contain- 
ing 46  per  cent,  of  sulphur ;  Portugal,  180,330,000  kilos  of  49 
percent.;  Norway,  71,660,000 kilos, of  40 i)er cent. ;  Belgium, 
45,0*30,000  kilos,  of  45  per  cent. ;  Italy,  3,000,000  kilos,  of  48 
per  cent.  ]  Prussia,  128,000,000  kilos,  of  42  per  cent.    Large 
deposits  of  a  very  pure  mineral  have  i^ecently  been  discovered    Late  discover. 
in  Lower  Styria  and  the  Satzkammergut,  in  the  Austrian  ^^ai    '*"^*  "  ^ 
Bmpire,  and  extensive  mines  have  hitely  been  opened  in 
canton  Yalais,  in  Switzerland,  yielding  pyrites  containing 
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sviphvric  acid.  35  per  cent,  of  sulphur,  while  those  now  worked  in  Sweden 
furnish  a  mineral  whose  prox)ortion  of  sulphui*  is  41  per 

thanTxiteg^^^'^*^^^'    ^^^^^  ^"^  more  limited  sources  of  sulphurous  acid 

are  blende,  the  residues  from  the  wasting  of  galena,  mix- 
tures of  sulphate  of  zinc  and  zinc  blende,  the  sulphur  ob- 
tained by  Laming's  method  from  gas  works,  the  sulphu- 
reted  hydrogen  set  free  in  the  manufacture  of  ammonium 
sulphate,  and  conducted  into  the  pyrites  ovens,  and  the 
prex>aration  of  silicates  in  the  manufacture  of  glass  by  the 
fusion  of  sodium  sulphate  and  lime  with  coal  and  silica: 

2Na^,S04+  C+2Si02=2Na2Si03+2S02+  CO2. 

pure  ^SSpharic     ^^^  *^^  munufacture  of  pure  sulphuric  acid  it  is  stiU 

^^^  necessary  in  most  cases  to  use  sulphur,  for  the  reason  that 

nearly  all  pyrites  contain  more  or  less  arsenic.     Sulphuric 

acid  of  this  country  is  made  from  sulphur  and  is  free  from 

arsenical  contamination. 

Pyrites  burners. 


ce» 


ceM. 


Pyiitea  ftirna-  Pyritcs  furuaces  are  divided  into  two  classes,  according 
as  they  ai'e  intended  to  burn  lumps  of  the  ore  or  fine  frag- 
ments and  iH)wder. 

Lump  imrnera.  rji|j^  bumers  uscd  for  the  lumps  show  but  little  variety  of 
form,  and  no  notable  changes  have  been  introduced  of  late 
in  their  construction.    All  unite  in  burning  the  pyrites  on 

En-ii»h.  firebars.  The  English  burners  consist  of  a  number  of 
small  kilns  separated  from  each  other  by  vaulted  compart- 
ments, Ciich  being  filled  and  emptied  independently  of  the 

ivnch.  others.    In  the  French  burners  the  most  noticeable  fe;iture 

is  the  rotary  fire-bars,  permitting  an  easy  gradual  removal 
of  the  lower  layers  of  spent  ore.     In  Belgian  burners  the 

Belgian.  grates  are  immovable,  and  the  spent  ore  is  raked  out  with 
long  hooks  by  workmen  who  enter  a  roomy  passage  be- 

German.  ncatli  the  ovcus.  The  German  ovens  combine,  as  a  rule, 
the  essential  features  of  the  French  and  Belgian  furnaces. 
The  chief  points  of  a  good  fui^nace,  viz,  ease  and  rapidity 
of  charging,  ability  to  remove  the  residues  giaduallj'  and 
without  loss  of  sulphurous  acid,  and  a  consumption  of  the 
sulphur  ill  the  pyrites  so  complete  that  not  more  than  3  per 
cent.  I'emain  in  the  spent  ore,  are  attained  in  nearly  all 

Anuiiiai  f.iina.  ^-^jj.jj^j^  uscd.    The  introduction  of  annular  furnaces,  based 

on  much  the  same  principles  as  Uofman's  circular  kilns,  by 
De  Heuiptinne  and  Bode,  is  the  only  noticeable  improve- 
h.kU' H ov.ii.     iiaeu^^     In  Bode's  oven,  which  has  not  yet  been  described 
in  detail,  although  in  satisfactory  operation  in  several  cstab 
lishmenrs,  the  amount  of  residual  sulphur  in  the  spent  ores 
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is  not  above  one  per  cent.  The  pyrites  powder  or  "  smalls,"  suipkuHe  oeu. 
which  forms  an  important  fraction  of  the  ore  as  delivered  ^^^.^  ^veiL 
from  the  mines,  has  presented  many  difficulties  to  the  man- 
ufacturer, most  of  which  are  now  successfully  overcome. 
When  burned  with  the  lumps  in  the  usual  kilns,  the  fine 
powder  chokes  the  draft,  to  such  an  extent  that  a  large  i>er- 
centage  of  sulphur  remains  in  the  residual  ores.  In  order 
to  remedy  this  defect,  the  "smalls''  have,  especially  in 
England,  been  frequently  molded  into  balls  by  means  of 
water,  with  more  or  less  clay,  and  then  burnt  in  the  kilns 
for  lumps.  This  practice,  except  in  England,  is  almost  Sjpp^^^- 
entirely  supplanted  by  the  use  of  special  furnaces,  most  of 
which  aim  at  a  constant  movement  of  the  burning  mass, 
the  combustion  frequently  being  at  the  same  time  aided  by 
the  passage  of  the  hot  gases  issuing  from  the  ordinary 
kilns.  Gerstenhofer's  furnace,  introduced  in  1862,  has  been  f^^^^^^^^^* 
extensively  used  for  this  purpose,  chiefly  in  Germany.  In 
this  furnace  the  ores  are  admitted  into  a  shaft,  heated  at 
the  start,  in  which  triangular  prisms  of  fire-clay  are  so 
arranged  that  the  pyrites  slowly  descend  from  top  to  bot- 
tom, constantly  exposing  by  the  movement  fresh  surfaces 
for  combustion  to  the  entering  air.  The  advantages  of  this 
disposition  are  a  minimum  of  labor,  ability  to  bum  poor 
ores  without  fuel,  continuous  working,  and  a  yield  of  rich 
gases  for  the  vitriol  chambers.  Its  disadvantages  are  an 
iucomplete  oxidation  of  the  sulphur,  and  the  presence  of 
such  quantities  of  flue-dust  in  the  gases  given  off  that  the 
acid  is  not  only  rendered  impure,  but  the  platinum  concen- 
trators are  rapidly  worn  down  by  the  movement  of  the 
sharp-edged  crystals  of  sulphate  of  iron  formed  in  the 
liquid.  These  drawbacks  have  caused  the  furnace  to  be 
superseded  by  other  forms  in  most  cases,  except  in  the 
treatment  of  very  poor  ores,  when  its  peculiar  structure 
enables  it  to  successfully  maintain  its  ground. 
Ferret's  Burner,  used  for  a  number  of  years  in  France,    PeiTof§  burn- 

er. 

was  mounted  above  the  usual  oven  for  lumps,  and  consisted 
essentially  of  a  series  of  horizontal  plates  covered  with  a 
layer  of  *' smalls,"  over  each  of  which  the  hot  jxJises  of  the 
furnace  below  were  forced  to  pass  on  their  way  to  the 
chambers.  The  sulphur  present  was  reduced  by  this  means 
to  5  per  cent.  More  recent  and  simplified  forms  of  this 
furnace  are  said  to  give  better  results. 

A  happy  modification  of  Ferret's  furnace  was  introduced  ai^ucTu'^,?"???! 
by  M.  Maletra  a  few  years  ago  at  Uouen,  in  which  the  oies,  ""^^  furnoct- 
introduced  above  by  a  funnel,  are  forced  to  descend  throiij^h 
a  series  of  platens  by  being  pushed  from  one  plate  to  the  one 
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stdphuric  acid,  next  loweT.    After  the  furnace  has  been  heated  the  cora- 
Maietra'H  fur  l^ustiou  is  maintained  without  fuel.    On  account  of  its  sim- 

^^^*^'  plicity,  independence  of  the  lump  furnaces,  and  cheapness, 

the  use  of  this  furnace  has  spread  rapidly  and  it  has  taken 
a  iiim  foothold  in  Germany,  where  Bode,  Hofmann,  and  Kun- 
heim  have  greatly  perfected  its  construction.    By  its  means 

orocess"*^^^*^*  the  amouut  of  residual  sulphur  in  the  spent  ores  is  reduced 

to  1^  per  cent,  in  France  and  Germany  and  1  per  cent,  in 

Switzerland,  and  lumps  possessing  a  diameter  of  not  over 

17  millimeters  can  easily  be  burnt  with  the  powder. 

nasencicvcr  &     The  fumacc  introduced  by  Ilasenclever  &  Helbig  in 

Hplbls*Bfaniace. 

1870,  and  modified  in  1876,  is  used  to  a  certain  extent  in 
Germany,  although  its  more  complicated  character  renders 
it  in  many  respects  less  efficient  than  the  Maletra  fiirnace. 
The  ores,  on  entering  it,  pursue  a  zigzag  course  through  five 
vertical  compartments,  separated  from  each  other  by  divis- 
ions consisting  of  a  succession  of  long,  narrow  plates 
placed  at  right  angles  to  each  other.  An  ingenious  but 
complicated  arrangement  for  warming  the  air  iulmitted  by 
the  heat  abstracted  from  the  products  of  combustion  per- 
mits the  latter  to  be  maintained  witliout  external  aid,  and 
vastly  economizes  the  resultant  heat.  One  objection  to  the 
furnace  is  the  rapid  accumulation  of  tine  dust  in  the  tubes 
serving  for  the  exit  of  the  gases. 

Walker barnor.     The  Walker  Buincr,  introduced  about  five  years  ago  in 
Belgium,  is  designed  especially  for  burning  fragments  from 
,  1^  to  12  millimeters  in  diameter.     It  consists  of  nine  sepa- 

rate furnaces,  so  arranged  that  the  gases  pass  from  one 
through  the  other,  while  each  one  can  be  shut  out  of  the 
circuit  for  the  purpose  of  emptying  and  filling.  The  grates 
consist  of  movable  fire*  bars,  and  have  each  a  surface  of 
three  square  meters,  permitting  the  combustion  of  10,000  in 
24  hours.  The  layer  of  pyrites  is.  not  more  than  15  centi- 
meters in  depth,  and  the  amount  of  sulphur  in  the  ore  is 
reduced  from  42  to  3J  per  cent.  The  gases  can  be  led  into 
a  i)late  furnace  to  effect  the  combustion  of  "smalls.''  This 
system  is  thus  far  in  but  limited  use. 

SrHucerVmrnffle  Spcucex's  Mufflc  Fumacc  is  still  in  use  in  some  English 
establishments  in  a  modified  form,  the  pyrites  being  pushed 
from  one  plate  to  another,  as  in  the  Maleti\i  a])paratus.  It 
leaves  2 J  per  cent,  of  sulphur  in  the  ores  treiited  by  it. 
itotary  lui-  Vavious  attempts  have  been  made  to  introduce  mechanl- 
cal  furnaces  for  the  combustion  of  pyrites.  Revolving  fur- 
naces have  long  been  in  successful  operation  for  the  expul- 
sion of  the  sulphur  contained  in  ores  of  valuable  metals, 
but  as  yet  no  system  has  found  general  adoption  for  the 


CHEMICAL   PROCESSES:    COMMISSIONER   JENKINS  13 

simple  production  of  Kolphurous  acid.    The  rotary  furnace  Sfuiphuric  add. 
invented  by  Ferret,  consisting  of  a  cylinder  moving  about  f^^^'^ "  ^'^^^^' 
an  axis  slightly  inclined,  and  causing  a  slow  descent  of  the 
pyrites  through  its  various  compartments,  has  not  been 
found  practical  in  the  application. 

The  mechanical  i'urniice  lately  introduced  by  MacDougall  rotaS^  f^S^*  * 
in  England,  and  now  in  operation  in  several  establislunents, 
appears  to  give  better  satisfaction.  It  consists  of  an  iron 
cylinder,  lined  with  fire-brick,  and  divided  into  compart- 
ments by  a  number  of  horizontal  perforated  plates ;  an  axle 
passing  through  the  center  is  provided  with  arms  sweeping 
over  the  surface  of  each  compartment ;  pyrites  powder,  en- 
tering from  above,  descends  more  or  less  rapidly  through 
the  cylinder  according  to  the  speed  imparted  to  the  axle. 
After  the  furnace  is  once  headed  a  blast  of  air  is  all  that  is 
needed  to  maintain  combustion.  The  residual  sulphur  is  re- 
duced to  I  per  cent,  by  this  system,  at  an  expense  of  about 
$1  per  ton.  The  chief  disadvantage  in  the  working  of  Mac- 
Dougall's  furnace  is  the  enormous  amount  of  tiuedust  in  the 
gase^  which  issue  Irom  it.  The  attempts  made  to  free  them 
from  the  dust  by  passage  through  water  have  the  eft'ect  of 
cooling  the  gases  to  a  temperature  too  low  for  satisfactory 
operation  in  a  Glover's  tower. 

Hasenclever  &  Helbig's  furnace  for  utilizing  the  sulphur 
in  zinc  blende  is,  with  some  slight  modification,  still  in  ex- 
tensive nse. 

Utilization  of  the  residves  front  the  pyrites  burners.  utilization   o« 

pyrites  bamera. 

Since  the  extensive  introduction  of  Spanish  and  Portu- 
guese pyrites  into  the  manufacture  of  sulphuric  acid  the 
extraction  of  the  copper  and  silver  remaining  in  the  residues 
has  become  an  important  factor  of  the  process,  especially  in 
England,  where  the  use  of  copper  pyrites  is  now  so  widely 
spread.  The  residues  from  the  German  works  were  form- 
erly sent  directly  to  England  for  further  treatment ;  now 
they  are  chiefly  submitted  to  the  first  stage  of  the  English 
process,  and  the  mixture  of  copper  and  the  precious  metals 
is  sent  to  England  for  their  final  separation. 

Thecopperpyrites  used  in  England  loses  about  30  per  cent.  ^^^T\^lhf!^y. 
of  its  weight  in  heating,  and  the  residues  contain  0.002.1- |i^f"«^^^"E°6 
0.0037  per  cent,  of  silver,  and  0.000037  per  cent,  of  gold,  1.55 
per  cent,  of  copper  in  combination  with  sulphur,  and  2.17 
per  cent,  in  union  with  oxygen.    After  calcination  with  salt 
in  a  muffle  or  in  an  ordinary  furnace,  the  copi>er  is  precipi-  trSSnT  ^^  *^ 
tated  from  the  solution  of  its  chlorides  with  metallic  inm. 
Experience  has  not  yet  shown  whether  spongy  iron  is  to  be 
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suiphurie  acid,  preferred  to  scrap-iron  for  this  purpose.    With  very  care- 

ProceM  of  ex-  *^^b'  constructed  furnaces,  the  former  seems  to  be  more  eco- 

JjJ^jl^yaWoiiomical.    Gibb  &  Giltharp's  revolving  iurnace,  despite  its 

of  pyrites  barn-  expeiisivc  construction,  is  still  regarded  as  the  most  efficient 

for  purposes  of  calcination.  The  method  for  separating 
thaip^8*TO>5ivhlRthe  copper,  introduced  by  thesaine  persons,  has  beenrelin- 
tra?«^  copper^  quislied  after  a  lengthy  trial  an<l  replaced  by  the  usual  treat 

ment  with  iron.  It  consisted  essentially  in  using  exactly 
enough  salt  to  eflFect  the  transportation  of  the  copper  into 
its  chlorides,  thus  forming  a  pure  sulphate  of  sodium,  and 
precipitation  of  the  copper  as  sulphide  from  its  solution  by 
means  of  sulphureted  hydrogen,  obtained  by  first  reducing 
the  sulphate  of  sodium  to  sulphide,  and  introducing  carbon 
dioxide  into  the  solution  of  the  latter,  the  soda  thus  formed 
being  naturally  utilized.  The  expense  of  evaporating  the 
enormous  amount  of  wat-er  required  in  the  process  has 
caused  it  to  be  abandoned.  The  copper  solutions  are  now 
entu'ely  freed  from  arsenic  by  neutralization  with  lime,  which 
causes  a  precipitation  of  arsenite  of  iron. 
Extraction   of     The  cxtractiou  of  the  silver  in  the  spent  ores  is  now  pur- 

silver  f^m  spent  ,  ^,        ,,  ,,,, 

ore.  sued  m  a  very  nitional  manner.    CLaudet's  method,  based 

ciaadcfameth-ou  the  precipitation  of  the  silver  a^  iodide  from  the  solution 

Gibb'»^roce«». '  of  the  calciucd  ores  with  iodide  of  potassium,  has  now  a  com- 
paratively limited  use,  being  supplanted  by  Gibb's  process, 
introduced  in  1876.  The  latter  is  ba«ed  on  the  fact  that 
when  sulphureted  hydrogen  is  introduced  into  the  solution 
of  a  cupric  salt  containing  small  quantities  of  silver  the 
greater  portion  of  the  latter  is  precipitated  with  the  first 
portion  of  the  sulphide  of  copper.  By  causing  a  partial 
precipitation  of  Vhe  solution,  amounting  to  about  6  percent, 
of  the  copper  present,  a  precipitate  is  obtained  containing 
0.6  per  cent,  of  silver,  which  is  profitably  separated  from 
the  accompanying  copper,  lead,  and  other  compounds.  The 
sulphureted  hydrogen  used  in  this  process  is  obtained  from 
the  waste  products  of  soda  works. 
Use  of  sprat     The  practicability  of  using  the  spent  ores  from  pyrites 

SJJSIbT^™*""  furnaces  for  the  manufacture  of  iron  has  been  satisfactorily 

shown  in  a  number  of  manufacturing  centers.  The  residues 
ol  the  copper  pyrites,  after  having  undergone  the  treatment 
above  described,  are  found  to  be  well  adapted  for  reduction 
in  a  blast  furnace.  Especially  since  the  introduction  of 
Maletra's  furnace  the  percentage  of  sulphur  remaining  in 
ordinary  iron  pyrites  after  burning  is  so  small  that  the  resi- 
in  tho  manadues  cau  be  employed  to  good  effect  in  the  manufacture  of 

SSrteeL  ^'^^  Bcsscmcr  metal.    This  is  notably  the  ease  with  the  spent 
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ores  of  Westphaliaii  pyrites,  which  are  entirely  fre^  from  suiphurie  add. 
phosphorus  and  copper. 
The  entire  absence  of  arsenic  from  these  pyrites  should    Vaiuooi Wc^t- 

phalian  pyritea. 

also  render  them  exceedingly  valuable  for  the  manufacture 

of  pure  sulphuric  acid.    The  use  of  the  residual  oxide  of   Pipienta  frun» 

'^  ^  rciiiauai  ozkIo  of 

ii-on  for  pigments  has  assumed  large  proportions  in  England  iron, 
and  Germany.     Tcherniac's  newly  introduced  process  for 
the  manufaeture  of  ferro-cyanide  of  potassium  by  synthesis 
includes  likewise  the  use  of  finely  divided  iron,  obtained  by 
the  reduction  of  the  pyrites  residues  with  coal. 
P.  W.  Hofmanu  has  made  some  interesting  experiments  on    Hoftmrnn   ox 

^       *^  perimenti)     vriih 

the  residues  from  the  Meggen  pyrites,  which  are  used  by  a  Moggen  pynte*. 
number  of  German  establishments.  He  finds  that  the  large 
percentage  of  sulphur  remaining  in  the  spent  ores  is  due  to 
the  presence  of  zinc,  with  which  it  is  united  in  the  form  of 
sulphate.  The  residues  are  exhausted  by  lixiviation,  and 
salt  is  added  to  the  concentrated  solution  of  sulphates  of 
iron  and  zinc  at  30o  C.  Pure  sulphate  of  sodium  crystallizes 
out  on  cooling,  and  by  further  evaporation  the  solution  of 
chloride  of  zinc  is  freed  from  all  other  salts  present.  The 
residues  from  the  lixiviation  still  contain  sulphur,  but  it  has 
been  observed  that  those  portions  entirely  free  from  sulphur 
form  a  light  friable  mass,  which  with  a  sieve  can  be  easily 
separated  from  the  more  compact  fragments,  still  containing 
more  or  less  sulphide,  and  be  utilized  in  the  blast  furnace. 

Vitriol  chambers.  ^  vitriol   cham. 

The  composition  of  the  gases  entering  the  lead  chambers 
has  been  the  subject  of  careful  experiment,  especially  with 
reference  to  the  presence  and  cause  of  the  vapors  of  sul- 
phuric anhydride.  Lunge  has  shown  that  in  the  gases  re- 
sulting from  the  combination  of  Spanish  pyrites  6  per  cent, 
of  the  sulphur  present  is  in  the  form  of  SO3.  If  these  gases  ^^^l^\^,  "Inily- 
are  conducted  over  a  layer  of  heated  oxide  of  iron,  the  per-  '^^^^''^ 
centage  increases  to  18  per  cent. — a  result  tending  to  sup- 
port the  assumption  that  the  SO3  arises  from  the  oxidation 
in  the  furnace  of  the  SO2  at  the  expense  of  the  oxide  of  iron 
formed  from  the  i>artial  combustion. 

The  reactions  taking  i)lace  in  the  lead  chambers  have  not 
been  the  subject  of  investigation  during  the  past  few  years. 

Nitric  acid  is  now  generally  introduced  in  a  gaseous  state.  trSuced^"^Ka^ 
The  method  prevalent  in  England  is  to  let  the  hot  gases  is- ecus  form, 
suing  from  the  burners  pass  over  troughs  holding  from  12  to 
24  kilos  of  nitrate  of  soda;   sulphuric  acid  is  slowly  ad- 
mitted through  a  lead  funnel,  and  the  vapors  of  the  nitric 
acid  are  led  directly  into  the  lead  chambers,  or,  more  rarely, 
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Sulphuric  acid,  accompany  the  sulphurous  acid  through  the  Glover's  tower. 
The  1i(|uid  bisnlphate  of  soda  remaining  in  the  troughs  is 
drawn  off  through  a  tube  opening  in  its  lower  surface,  and 

tbo  load  c^am^  closed  with  a  conical  stopper.  Simple  arrangements  permit 
tlie  filling  of  the  troughs,  as  well  as  the  agitation  of  their 
contents,  without  loss  of  sulphurous  iicid.  In  most  English 
establishments  the  amount  of  nitrate  of  sodium  used  is  firom 
3  to  6  per  cent,  of  the  amount  of  sulphur  present  in  the  py- 
rites. The  best  conducted  of  them  bring  this  quantity  down 
to  2  per  cent. 
Now  sources  of     ^qw  sourccs  of  nitrous  vapors  have  been  found  in  the  resid- 

nitrous  vapors.  ^ 

ual  acids  of  aniline  and  nitro-glycerine  works,  which  yield 
large  quantities  of  nitrogen  compounds  when  passed  through 
a  Glover's  tower.  One  English  establishment  claims  to  have 
obtained  good  results  for  two  years  past  by  introducing  a 
solution  of  nitrate  of  soda  directly  into  the  chambers  by 
means  of  a  jet  of  ste.am. 
sprcngei's     An  important  improvement  in  the  mode  of  supplying  the 

watOT  spray.""'  watcr  uccessary  for  the  reaction  in  the  leiid  chambers  is  due 
to  H.  Sprengel.  It  consists  in  forcing  the  water  in  the 
form  of  fine  spray  into  the  chambers  by  means  of  a  jet  of 
steam,  issuing,  under  a  pressure  of  two  atmospheres,  from 
a  platinum  tube  in  the  center  of  a  jet  of  water.  In  this  man- 
ner 20  kilos  of  steam  change  80  kilos  of  water  into  a  cloud 
Advantages,  of  fiuc  spniy.  The  advantages  are :  (1)  An  economy  of  heat 
corresponding  to  that  necessary  to  vaporize  the  80  kilos  of 
water;  (2)  cooling  of  the  chambers  equivalent  to  the  absence 
of  the  same  amount  of  heat;  and  (3)  economy  of  space  other- 
wise occupied  by  steam  and  gases  at  a  higher  temperature. 
The  increase  of  production  due  to  this  improvement  corre- 
sponds to  an  economy  of  6^  per  cent,  in  pyrites  and  15  per 
cent,  in  nitrate  of  sodium. 
Gay  Lussac's  Gay  Lussac's  towcr  is  now  in  general  use,  and  no  essen- 
tial modifications  in  its  structure  have  been  introduced.  A 
great  part  of  the  loss  of  nitrous  vapors,  hitherto  difficult  to 
explain,  is  now  attributed  to  the  oxidation  in  this  tower  of 
the  arsenious  oxide — derived  from  the  arsenic,  almost  in- 
variably present  in  pyrites — to  arsenic  oxide  at  the  expense 
of  the  oxygen  of  nitrogen  compounds. 

De  Hemptinuc's  Dc  Hcmptinue  has  introduced  a  new  modification  of  the 
manufacture  of  sulphuric  acid,  the  essential  features  of 
which  are  a  diminution  of  the  extent  of  the  vitriol  cham- 
bers by  filling  a  single  one  with  perforated  vessels  of  stone- 
ware, over  which  weak  acid  constantly  trickles,  admission 
of  liquid  nitric  acid,  and  exclusion  of  water  except  between 
the  Gay  Lussac  tower  and  the  chimney.    The  sulphurous 
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acid  entors  the  chamber,  after  having  passed  through  dust-  Suiphwie  aeid. 
oompartments  and  surrendered  its  heat  to  a  system  of  lead 
tubes  containing  acid  in  process  of  concentration.  Denitra-  Do  nomptiimea 
tion  takes  place  in  a  diotm  nlled  with  fragments  of  earth- 
enware, where  the  acid  is  brought  in  contact  with  gases 
drawn  from  the  chamber,  and  returning  thither  laden  with 
nitrous  vapors.  The  chief  advantages  claimed  for  this  sys- 
tem are  denitration  and  concentration  of  the  acid  without 
introducing  impurities  in  the  form  of  the  pyrites  dust — as 
in  the  Glover's  tower — while  still  utilizing  the  heat  of  the 
furnaces;  reduction  of  the  cost  of  the  plant  of  the  cham- 
bers to  about  one-seventh,  by  filling  a  single  chamber  with 
sufficient  vessels  to  supply  the  necessary  surface  for  the  re- 
actions; suppression  of  the  jets  of  steam  hitherto  in  use; 
rapidity  of  production ;  and  concentration  by  means  of  su 
lierheated  steam.  With  regard  to  the  disposition  of  the 
lead  chambers,  it  is  well  to  remark  that  numerous  experi- 
ments of  late  years  tend  to  show  that  the  amount  of  surface 
exposed  plays  a  much  less  important  part  than  has  hereto 
fore  been  supposed.  The  introduction  of  masses  of  coke 
into  the  chambers,  and  other  similar  devices,  have  given  no 
practical  results.  De  Hemptinue  has  as  yet  given  no  de- 
tailed statistics  on  the  actual  results  of  this  method,  although 
twelve  years  have  elapsed  since  the  commencement  of  his 
experiments. 

Olover^S   tower,  Glover'»  towor. 

The  attention  of  chemists  engaged  in  sulphuric  acid  man- 
ufacture has  been  directed  during  the  past  few  years  chiefly 
to  the  study  of  the  practical  utility  of  the  Glover  tower, 
and  valuable  monographs  on  the  subject  have  appeared    MonographHon 
from  Bode,  Lunge,  Vorster,  Hurter,  and  others. 

The  first  tower  was  built  on  the  Tyne  by  John  Glover,  in    Th©  invention 
1850.    After  experiments  with  brick  and  lead  structures,  he  ©r   th©   aiover 
adopted,  in  1^04,  the  form  now  prevalent,  a  rectangular  or 
rounded  tower  of  lead,  possessing  a  height  of  25  to  30  feet, 
and  a  horizontal  section  of  GO  to  100  square  feet,  lined  with 
stone,  proof  against  acid  and  divided  into  two  parts — the 
lower  C  feet  in  height,  empty ;  the  remaining  and  upper 
part  filled  with  fragments  of  stone  ware,  and  surmounted 
by  a  layer  of  coke.     By  1870  most  of  the  large  English 
establishments  were  provided  with  the  new^  apparatus,  and 
in  1871  it  was  introduced  into  Germany.    Since  then  it  has    its  abno«t  imi 
been  adopted  so  universally  that  at  present  none  of  the  ''*'*"  "  °^  **" 
large  English  works,  and  but  few  of  those  on  the  Continent, 
are  without  it.    (Kuhlman's  works  at  Lille  are  a  notable 
exoeptioui) 
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SfUphurU' acid.      Ah  orifrinally  projwped  by  Glover,  and  as  used  at  present 
(;in"Ttowrr*''*  "*  "^^'^^  eases,  the  tower  serves  the  double^  purpose  of  eoncen- 

tratiu^  the  chamber  acid  and  denitratinj?  the  aeid  coming 
from  the  Gay  Lussa<*  tower.     With  repird  to  the*  first  func- 
tion, experience  is  unanimous  in  proehiimin^  its  success. 
comeuti-at-  jf  utilizes  to  the  utmost  the  heat  T»oss(\«^.^ed  bv  the  erases 
^'Ci*i-  issuinjo:  from  the  furnaces,  suppresses  the  use  c»f  compart- 

ments for  cooling  the  sulphurous  vapors  before  enterin*]^  the 
lead  chambers,  concentrates  the  acid  at  once  to  over  (KP 
f5ainn^,  and  prevents  a  loss  ot  acid,  the  small  amount  i>re8- 
ent  in  the  water  evajwrated  being  saved  in  the  chand)erR. 
Vorster  finds  that  in  a  tower  of  the  cai)acity  of  SI  cubic 
meters  1,400  kilograms  of  water  are  eva])oT:ited  daily, 
550,000  kilograms  of  112^04  arc?  formed,  iind  from  3A  to  4 
l)er  cent,  of  the  acid  passing  through  the  tower  is  carried 
ov(»r  into  the  chambers. 
Action  on  py      Whon  pvritcs  ccmtainlug  selenium  arel)urne<l,  it  is  found 

rit«  9    containiu};  ^  *  *^  ' 

M-ioniiim.  tiijit  the  sehniious  oxide  formed  is  decomjiosed  in  th(»  Glover 

tower,  by  the  action  of  the  sulphurous  oxide,  heaving  selen- 
ium behind— SeO.  +  I'SO^  =  Se  +  2S();;. 

The  use  of  the  tower  as  a  concentrator  is  jiractical  in  all 

ras(»s,  excei)t  wheix?  it  is  necessary  that  the  ac^id  should  be 

Coiorm|(mtinnf).^»(»  from  the  brown  color  resulting  from  the  presence  of 

of   orjjaiiio   mat-  ^  * 

tcrinihorokf.    organic  matter  in  the  coke,  as  well  as  free  from  the  impuri- 
ties caused  by  the  entrance  of  flue  dust. 

With  regard  to  the  value  of  the  towcT  as  a  denitrating 

D««nitration  of  agent,  tlicrc  is  a  wide  diversity  of  opinion.    Vorster,  Ilurter, 

tower.  and  others  claim  that,  while  the  acid  trickling  thiv  ugh  the 

tower  is  completely  denitratedby  the  hot  suli>hurous  vapors 

p.ossing  through  on  their  way  to  th<*  chambers,  thc^  i*eaction 

goes  so  far  that  a  large  i)ercentage  of  the  nitrogen  com- 

optaiomi  nj»  to  pouuds  T)resent  are  reduced  <Mther  to  tlu^  form  of  monoxide 

ikmof  th'onitro- or  to  uitrogcu  itsclf,  and  thus  rendered  utterlv  useless. 

gen  romjHHiiKlM.  ^ 

They  attribute  further  to  this  reaction  the  hitherto  unex- 
plained loss  of  the  higher  oxides  of  nitrogen  in  the  manu- 
facture. On  the  other  hand.  Lunge  shows,  by  vcTy  care- 
fully conducted  experiments,  that  a  mixture  of  St  V.  and  air, 
corivsponding  to  the  mixture  issuing  from  the  ]»yrites  fur- 
nac*es,  denit rates  acid  froni  the  (jay  Lussac  tower  at  a  tem- 
perature of  LMM)o  without  fonnation  of  nitrogen  or  its  mon- 
oxide. In  the  Glover  tower  the  reaction  should  be  the 
same;  the  gases  on  entering  possess  a  temperature  of  300^, 
but  give  off  heat  rapidly  to  the  denitrated  acrid  at  the  bot- 
tom of  the  tower.  Thev  first  encounter  acid  not  entirely 
dcMiitrated  in  the  middle  of  the  tower,  when>  the  tempera- 
ture of  the  acid  is  7(P  and  of  the  gases  175o.    The  acid  is 
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chiefly  denitrated  in  the  upper  portion  of  the  tower,  from  Suiphuneadd, 
which  the  gases  enter  the  chamber  with  a  temperature  of 
5(P,     Davis  claims  that  the  loss  of  nitrous  compounds  is 
<iue  to  the  presence  of  arsenious  acid,  which  is  oxidized  at 
their  cost  in  the  Gav  liussac  tower.    Exneriment  with  the 

t.  * 

Westphalian  pyrites,  which  are  free  from  iirsenic,  should 
settle  this  point. 

Concentration  to  06^  ^.=1.8  sp.  gr.  ,  COTcentraticn 

In  the  methods  of  concentrating  sulphuric  acid  from  55^ 
B.  (1.59  sp.  gr.)  or  00^  B.  (1.71  sp.  gr.),  the  highest  degree 
capable  of  being  attained  in  leaden  vessels  under  ordinary 
circumstances,  to  06^  B.  (1.84  sp.  gr.),  the  degree  required 
for  the  strongest  acid,  very  important  modifications  have 
been  introduced.    The  aims  kept  in  view  have  been  to  re-    ii  i»ii c.nMDt<if 

the  coBtlv   plati- 

place  totally  or  in  part  the  costly  platinum  hitherto  in  use  nnm  appjirutuK 
for  retorts,  to  lower  the  temperature  at  which  the  concen- 
tration can  be  accomplished  in  these  substitutes,  and  to 
economize  fuel.    De  Hemptinue  states  that  he  has  success    neHomptinmii 
fully  solved  the  problem  of  completing  the  concentration  in  ^"*^°"™i»"**<^ 
leaden  vessels  bv  me^ms  of  the  vacuum.    The  leaden  basins    i oatiimta ir«n 
of  his  api>aratus,  which  contain  the  aeid,  lit  tightly  in  iron 
basins,  which  protect  them  from  the  pressure  of  the  atmos- 
phere and  transmit  the  heat  of  the  furnace.    A  partial 
vacuum  is  obtained  by  driving  the  air  from  the  large  cyl- 
inder in  communication  with  the  recipient,  by  means  of 
steam,  which  is  afterwards  condensed  by  a  si  ream  of  cold 
water.   Towards  the  close  of  the  distillation  as  complete  a 
vacuum  as  possible  is  obtained  by  the  use  of  a  Bunsen 
pump.    Although  the  method  has  been  in  use  since  1873, 
details  with  regard  to  its  successful   operation  are   still  ^],^?^\^^5f„^'*  J,*J 
wanting,  and  leading  authorities  doubt  the  possibility  ^*  glJi  i[atTM,V  i!"*? 
obtaining  an  acid  tolerably  free  from  sulphate  of  lead  in 
this  manner. 

Better  success  has  attended  the  introduction  of  Faure  & ,  ^,^^^  &  k»«« 
Kessier's  new  concentrator.    This  apparatus,  intended  to  tor. 
supersede  the  old  form  of  platinum  stills,  consists  essentially 
of  a  shallow  pan  of  platinum,  resting  above  the  free  fire  and 
of  a  capacious  cylindrical  cover  ot  lead,  resting  in  a  channel    I'lntinum  pan 

*  t  «  rn^  wifh  leaden  CO v»«r 

formed  by  curving  the  upper  edge  of  the  pan.  The  cover  an<i  worm. 
replaces  the  upper  part  of  the  platinum  stills,  as  well  as 
the  adjoined  worm,  being  made  with  double  walls,  between 
which  cold  water  constantly  circulates.  The  weak  acid  dis- 
tilled off  condenses  on  the  walls  of  this  cover,  flows  down 
into  the  channel  referred  to,  thereby  forming  a  hydraulic 
Joint  lietween  the  pan  and  its  cover,  and  is  drawn  off  from 
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iiuiphuric  aeid.  the  outslde.    The  water  drawu  oft'  at  first  is  conducted  di- 
rectly into  the  vitriol  chambers  or  into  boilers  by  a  tube 
from  the  conical  summit  of  the  cover.    In  previous  forms 
Faun»  &,  Kesa-  of  Faurc  &  Kcssicr's  concentrator  the  furnace  with  the  pan 

t«T.  stood  in  the  middle  of  a  small  lead  chamber,  over  the  out- 

side of  which  cold  water  constantly  trickled.  The  chief 
advantages  of  this  apparatus  are  diminution  of  platinum 
necessary  for  a  certain  rate  of  concentration  to  one-third 
of  the  amount  formerly  required;  avoidance  of  violent 
ebullition,  on  account  of  the  small  amount  of  acid  present 
at  any  one  time  in  the  pan — less  than  10  centimeters  in 
Advimtagea.  depth ;  an  economy  of  30  i>er  cent,  in  fuel ;  ease  of  making 
repairs ;  smaller  proportional  loss  of  platinum.  The  firm 
has  already  supplied  05  concentrators  since  1873,  of  which 
7  have  been  sent  to  the  United  States. 

The  marked  advantages  and  economy  resulting  from  the 
use  of  this  style  of  apparatus  at  once  brought  about  a  rev- 
olution in  the  manufacture  of  platinum  stills. 

iffathe  "^St^cl?^     Johnson,  Matthey,  &  Co.,  of  London,  have  introduced  an 

•tin.    '  oblong,  low  still,  in  which  the  rapidity  of  evaporation  is 

insured  by  the  use  of  a  fluted  or  corrugated  bottom.  The 
acid  passes  from  the  lead  pans  first  into  open  platinum 
pans  with  similarly  fluted  bottoms,  and  finally  into  the  re- 
toi-t  described.  The  firm  claims  likewise  to  have  first  intro- 
duced the  principle  of  distilling  acid  in  shallow  vessels. 
DfmoiitiB,     Desmontis,  Qnenssen,  &  Lebmnne,  of  Paris,  also  supply 

branno'g  Btm.  a  Still,  exceedingly  shallow,  in  which  vertical  concentric 
di\isions  force  the  entering  acid  to  pass  over  a  tolerably 
long  route  before  reaching  the  outlet  tube — an  arrangement 
which  allows  concentrated  acid  to  be  continuously  drawn 
off  by  this  tube.  Other  arrangements  allow  the  acid  to 
pursue  a  zigzag  course  from  one  side  of  the  still  to  the 
other,  so  that  the  strongest  acid  is  always  above  that  part 
of  the  still  most  exposed  to  the  heat  of  the  furnace. 
Uebig'ii    im.     Llcbig's  improvement,  by  which  the  still  can  be  turned 

pravcmen  .        f^m  UmQ  to  time,  appears  to  give  satisfactory  results. 

A  few  comparative  statements  of  results  obtained  with 
the  various  forms  of  stills  will  show  the  present  state  of  the 
question  between  the  rival  merits : 

Amount  of  sulphnrie 
acid  of  gp.  ffr.  1.84. 

CompariMm  of  Old  form  of  still,  weight  of  platinnm  3C.5  kiloH,  conccn- 

»to«uKJi,%«ri;     trated  in 24  hours 2,e00kilo». 

•MiN  Stills.  Desmontis  &  Co.,  new  form,  weight  of  platinum  17.6  kilos.  1, 500  kilos. 

Desmontis  &,  Co.,  Liebig's  form,  weight  of  i>latinum  24.:M 

kilos 4,500kiloH. 

JohuHon,  Matthey,  Sl  Co.,  new  form,  weight  of  ])latinum  20 

kiloe,  cost  $5.000 4. 000^,  000  kiloe. 
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Amount  of  Bulphmic  StUphuric  add. 
Bcidottp.gr.  1.84. 

JohnBOiiyMatthey,  &,  Co.,  2  open  pans  and  4  lead  pans,  37.3 

kilos 8, 000  kilos.     Comparleon  of 

-,           »   ,,      .     .                    ..       /L<>  ^rx/x  >  rfu\^  '^       reaolts  from  rari- 

FaQre&  Ke88ier*8  pan,  costing  $3,000 2, 500  kilos.  ou»  »tilU. 

By  Faure  &  Kessier's  system,  with  a  monthly  production 
of  75,000  kilograms,  there  is  a  saving  of  13  cents  per  100 
kilograms  of  acitl  in  the  cost  of  concentration,  as  compared 
with  the  old  system. 

The  loss  of  platinum  in  the  stills  during  the  concentra-  On  the  luu  of 
tion  has  been  carefully  examined  by  Scheurer-Kestner.  He«taia. 
finds  that  when  nitrogen  compounds  are  absent  from  the 
acid,  0^  grams  of  platinum  are  dissolved  in  the  concentra- 
tion of  1,000  kilograms  of  the  monohydrate.  The  presence 
of  nitrogen  compounds  causes  a  still  greater  loss.  The 
presence  of  30  per  cent,  of  iridium  in  the  alloy  of  which  the 
still  is  made  doubles  the  resistance.  The  alloy  of  platinum, 
containing  30  x)er  cent,  of  iridium,  is,  however,  too  brittle  for 
practical  purposes. 

G.  E.  Lichtenberger  has  introduced  an  iron  still  for  the  Licht^nberg^ri 

®  iron  stilL 

concentration  of  sulphuric  acid,  which,  if  entirely  success- 
ful, may  solve  the  question  of  the  platinum  vessels  in  an  un- 
expected manner.  It  consists  of  a  simple  retort  of  cast  iron, 
provided  with  a  leaden  cover  and  leaden  worm.  The  cover 
is  kept  cold,  and  acts  as  a  condenser,  channels  on  its  inter- 
nal surface  conducting  the  condensed  acid  to  a  recipient. 
The  use  of  this  still  is  based  on  the  fact  that  while  hot  acid 
at  60^  B.  attacks  iron  vigorously,  with  evolution  of  hydro- 
gen and  sulphurous  anhydride,  this  property  is  lost  as  soon 
as  the  concentration  attains  64^  B.  (1.79  sp.  gr.).  The  still 
is  therefore  filled,  at  the  start,  with  a  mixture  of  60°  B. 
acid  and  66°  B.  acid,  possessing  the  04°  B.  concentration. 
When  this  amount  has  been  concentrated  to  66o  B.,  one- 
half  of  it  is  drawn  off,  and  sufficient  60^  acid  is  added  to 
bring  the  strength  again  down  to  64^,  when  the  evapora- 
tion is  resumed.  A  still  1  meter  in  diameter  and  50  centi- 
meters in  depth  concentrates  in  this  manner  about  1,400 
kilograms  of  acid,  in  24  hours,  to  60^  B. 

In  England  glass  retorts  are  used  for  the  greater  part  of  *^°g|[^*»  ^^'^ 
the  acid  concentrated,  although  it  is  difficult  to  obtain  a 
strength  above  65^  B.  (1.82  ap.  gr.).  For  the  strongest  acid 
platinum  stills  are  required.  The  glass  retorts  are  usually 
1  meter  high  and  0.66  meters  in  diameter,  of  thin,  very  evenly 
blown  glass.  They  rest  on  sand-baths,  and  are  protected 
by  plates  of  fire-clay  from  the  direct  action  of  the  flame. 
A  common  arrangement  for  providing  continuous  working 
18  to  place  them  on  terraces,  in  series  of  threes,  connected 
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Sulphuric  amd.  with  ciich  otlicr  by  ineaus  of  .syphous.    Acid,  at  a  temper- 
ature of  150^  C,  enters  the  upper  one,  and,  after  partial 
concentration,  flows  into  the  second,  and   then  into  the 
third,  from  which  the  most  strongly  concentrated  acid  is 
.    drawn  off  through  a  cooler  into  the  carboys. 

purirttyition.  PuHjication  of  sulphuric  acid, 

Uimovai  of  ar-     Tiic  rcmoval  of  arscuic   present  in  the  product  of  tbo 

great  majority  of  works  is  an  oi^eration   usually  avoided 

where  it  is  not  absolutely  essential  to  protect  the  i>latiunm 

suiphureted  stills.      l\\  many  establishments  sulphureted  hydrogen  is 

i>  rogftn,  ^^.jj  yg^j^    rpi^^  technical  dilliculties  standing  in  tbe  way  of 

its  use  have  led  to  the  adoption  lately  of  otber  means.    One 

soiiinm  hypo- consists  in   thc  additi(m  of  sodium   byposulphite  to  the 

*"^    *"'  chamber  acid  of  50^  B.,  the  ai-senious  acid  present  being 

precipitated  as  AS2S3,  and  sulphate  of  so<lium  I'emainiug 
dissolved  in  the  acid.  By  this  method  the  percentage  of 
arsenic  is  reduced  from  0.098  to  0.004. 

A  still  better  method,  leaving  no  salt  in  solution,  is  that 
Barium  »ui-  of  Dupasquicr,  depending  on  the  use  of  barium  sulphide, 
**  *  ^'  which  yields  a  pre(;ipitate  of  As^Sa  and  BaSO,.. 

In  his  recent  report  on  the  manufacture  of  sulphuric  acid 
in  France,  M.  A.  Favre  gives  an  interesting  statenu^it  of 
the  present  cost,  in  that  country,  of  produchig  1,000  kilos  of 
acid  at  50^  B.,  or  1.53  specific  gravity : 

Franca. 

Coat  of  nrodno-  040  kilograms  pyrites  (IJ5  to  40  per  cent,  siilpbur),  3  fraucs  jicr  100 
nonofauiphuric      ^.,^^^ ' jj,  .^ 

18  kilugr.inis  Chili  salt^KJter,  38  frsmcs  per  100  kilos  <i.  84 

3(>  kilograms  sulplniric  acid  at  GO^  B.,  to  decompose  the  nitrate. .  1. 20 

gO  kilograms  coal,  30  francs  per  1 ,000  kilos 2.  40 

Labor  and  breakage  3. 26 

General  expenses  and  maintcnauco 5. 00 

37.  IK) 
Deduct  20  kilograms  sodium  bisulphate,  at  5  francs  per  100  kilos. .     1. 00 

1,000  kilos  sulphuric  acid,  at  CO'^B 38.90 

Which  in  our  money  makes  the  acid  cost,  about  3(>  cents  per  )>ouud. 

Fuming  buI-  Fumiiiff  or  Nordhausen  sulphuric  acid, 

pburic  acid. 

Until  a  recent  date  the  manufacture  of  fuming  suliduiric 
acid  has  been  a  monopoly  of  the  famous  Stark  Works,  in 
Northwestern  Bohemia.  There  it  was  first  manufactured 
over  three  centuries  ago,  and  thence  the  industry  w^is 
NonihftuBcn.  transplanted  to  Nordhausen  and  other  localities  in  Germany^ 
in  none  of  which,  however,  it  exists  at  present.  No  essen- 
tial changes  have  been  introduced  in  the  general  method  of 
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manufacture  since  its  origin,  although  within  the  past  tifty  suiphurie  aeid. 
years  notable  economies  in  fuel,  labor,  ete.,  have  been 
eftected.  The  vitriol-slate  which  occurs  in  quantities  in  iioiahaiwen 
the  neighborhood  of  Pilsen  and  Elbogen  contains  fiora  12 
to  31  per  cent  of  sulphide  of  iron.  On  exposure  to  moist 
air  for  about  three  years,  the  sulphide  is  changed  almost 
completely  into  ferrous  and  ferric  sulphate.  These  salts  are 
extracled  by  lixiviation,  the  solution  evaporated,  and  the 
residue  calcined,  iu  order  to  entirely  expel  the  water  and 
change  the  feri-ous  sulphate  iis  completely  as  i>ossibly  into 
ferric  sulphate.  This  calcined  mass — the  so-called  vitriol- 
stone — when  pulverized,  is  introduced  into  lire-clay  liasks, 
and  subjected  to  distillation,  yielding  fuming  sulphuric  acid, 
which  is  collected  in  recipients,  and  oxide  of  iron,  which 
iv.mains  in  the  flai^ks,  constituting  the  caput  viortuum  of 
early  chemistry. 

In  the  Stark  Works  2,928,000  kilos  of  vitriol-stone  are  stark  workii. 
distilled  yearly,  yielding  1,720,500  kilos  of  fuming  sul^ 
phuric  acid  and  1,350,000  kilos  of  oxide  of  iron,  which 
after  a  special  treatment  is  delivered  into  commerce,  where 
it  finds  a  ready  sale  as  pigment.  These  immense  works 
contain  12  acid  distilleries,  with  110  furnaces,  and  annually 
employ  72,400  retorts  or  flasks  and  40,000  receivers.  Sul- 
phuric anhydride  is  also  prepared  by  this  establishment. 

The  use  of  inming  sulphuric  acid,  as  well  as  of  sulphuric  uai^sof  fuiuiuij 
anhydride,  which  was  formerly  limited  chiefly  to  the  require-  ami  Huiphuric an 
ments  of  indigo  dyers,  has  been  widely  extended  since  the 
discovery  of  ozokerite  and  the  introduction  of  aniline  and 
anthracine  dyes,  notable  quantities  being  required,  especially 
in  the  manufa<5ture  of  artificial  alizarine.  This  increased 
demand,  as  well  as  the  probability  of  a  still  more  extended 
use  in  the  futnre,  has^  naturally  led  to  a  study  of  methods 
available  for  the  manufacture  of  this  powerful  reagent,  by 
means  of  which  it  can  b(i  froed  from  the  present  monopoly, 
and  the  dependence  on  local  conditions,  such  as  the  posses- 
sion of  large  deposits  of  vitriol  slate,  and  placed  on  the  same 
basis  of  free  competition  as  the  other  leading  products  of 
the  great  chemical  industries. 

For  this  purpose  two  processes  are  now  in  use.  The  first  Procei»e«  of 
IS  based  on  the  utilization  of  the  bisulphate  ot  sodium  ob- 
tained in  quantities  from  th(»  sulphuric  acid  works  and  from 
the  manufacture  of  nitric  acid.  It  is  a  method  which  has 
fi-equently  been  proposed,  and  even  carried  into  execution 
on  a  small  scale.  It  depends  on  the  fact  that  when  bisul- 
phate of  sodium  is  melted  it  loses  water — 

2NaHS04= II  >0+Xa2S207 ; 
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nuiphurir  acid,  and  whcn  heated  to  &HP  C.  it  loses  sulphuric  anhydride— 

Na28207=:S03+Na«804. 

For  two  years  past  considerable  quantities  of  sulphuric 

Fuming  sal-  anhydride  and  fuming  sulphuric  acid  have  been  manufact- 

,.haric  a€id.       „^^^  ijj  ^^^^  France  and  England  by  this  method ;  and  it  is 

stated  that  the  process  is  continuous,  sulphuric  acid  being 
added  to  the  residual  sulphate  of  sodium  to  regenerate  the 
bisulphate.  The  manufacture  is  still,  however,  in  the  ex- 
perimental stage,  and  has  not  overcome  certain  technical 
difficulties  facing  the  production  on  a  large  scale. 
Winkler**  pro-  The  sccoud  proccss  is  of  an  exceedingly  original,  ingeni- 
ous, and  elegant  character,  and  was  proposed  in  1875  by 
Professor  Winkler,  of  Freiberg,  who  generously  offered  it 
to  the  industrial  world  free  from  all  patent  restrictions. 
This  process  is  based  on  two  simple  reactions :  the  union  of 
sulphurous  anhydride  and  oxygen  to  form  sulphuric  anhy- 
dride, when  passing  at  not  too  high  a  temperature  over 
certain  so-called  catalytic  substances ;  and  the  nearly  com- 
plete decomposition  at  a  high  temperature  of  sulphuric  acid 
into  water,  oxygen,  and  sulphurous  anhydride — 

802-1-0=803  :  H2S04=HaO+0+S02. 

DcseriptioD  of  The  Operation  consists,  firstly,  in  passing  the  vai>ors  of 
concentrated  sulphuric  acid  through  an  iron  tube,  lined  in- 
ternally and  externally  with  fireclay  and  filled  with  fhig- 
ments  of  porcelain,  which  are  kept  a  bright  red  heat.  The 
decomposition  here  is  almost  complete,  and  the  resultant 
gases  are  conducted  through  a  system  of  lead  tubes,  which 
serve  for  the  condensation  of  most  of  the  aqueous  vai>or 
present ;  and,  finally,  to  remove  the  last  traces  of  water,  the 
gases  are  passed  through  a  scrubber  filled  with  pumice- 
stone,  over  which  concentrated  sulphuric  acid  constantly 
trickles.  The  mixture  of  oxygen  and  sulphurous  anhydride 
is  next  conducted  through  tubes  of  fire-clay  heated  to  dull 
redness,  in  which  are  contained  the  contact  substances 
necessary  to  induce  the  union  of  the  gases.  For  this  pur- 
pose finely  divided  platinum  is  best  adapted,  and  the  most 
pra^^'  -cable  form  is  found  to  be  the  so-called  platinum  asbes- 
tus,  >repared  by  soaking  very  soft  asbestus  iu  a  concen- 
trated solution  of  chloride  of  platinum,  then  dipping  it  into 
a  solution  of  chloride  of  ammonium,  and  heating  it  to  a  glow, 
after  first  drying  the  mass.  Under  the  most  favorable  cir- 
cumstances thus  far,  about  eight-tenths  of  the  sulphurous 
anhydride  passed  through  the  apparatus  is  oxidized  to  sul- 
phuric anhydride,  which  is  condensed  in  lead  chambers  or 
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conducted  into  sulphuric  acid  to  form  Noidhausen  or  fum-  sulphuric  aeid. 
ing  sulphuric  acid. 
The  principal  difficulties  at  the  commencement  of  the  fab-       Faming  sni. 

phnrio  acid. 

ricatiou  are  the  arrangements  of  satisfactory  retorts  for  the 
distillation  of  the  sulphuric  acid  and  the  avoidance  of  a  loss   wmicier's  pro- 
of  platinum  from  the  presence  of  arsenic  in  the  acid  used.  *****' 
These  obstacles  appear  to  have  been  satisfactorily  overcome, 
as  the  process  is  in  regular  operation  in  one  English  and 
three  German  establishments.    In  consequence  of  its  intro- 
duction, iN'ordhauscn  acid  is  now  sold  at  one-third  of  its  for 
mer  price.    The  platinum  apparatus  necessary  for  the  fab-   Cost  of  neoes- 
rication  is  advertised  by  Johnson,  Matthey,  &  Co.,  of  Lon-  panitas. 
don,  at  $10,000. 

A  method  just  introd  uced  by  Walters  in  Oermany  is  based  cc2!"^**"  ^^ 
on  the  action  of  sulphate  of  magnesium  on  dehydrated  bi- 
sulphate  of  sodium — NaaS04+803.  At  a  temperature  suf- 
ficiently elevated  to  liquify  the  latter,  the  double  sulphate 
of  soda  and  magnesia  is  formed,  and  the  sulphuric  anhydride 
thereby  set  free  is  distilled  over.  The  great  advantage  of 
this  method  is  the  low  temperature  at  which  the  anhydride 
is  produced,  a  circumstance  allowing  an  easy  choice  of  ma- 
terial for  the  necessary  apparatus.  The  residual  double  sul- 
phate is  dissolved,  and  the  two  salts  separated  by  crystalli- 
zation, to  be  used  again  for  the  same  purpose,  the  soda  salt . 
receiving,  naturally,  an  additional  equivalent  of  sulphuric 
acid  after  each  operation. 

Sulphuric  anhydride  is  sent  into  commerce  inclosed  in 
sheet-iron  or  tin-plate  boxes,  it  having  no  action  on  the 
metals  in  the  absence  of  moisture. 

Sulphurous  and  hydrosulphuroua  acids.  Soiphnroasaiid 

hjdrosiilphiiroat 

An  important  new  application  of  sulphurous  anhydride  is  "*^*" 
for  the  manufacture  of  artificial  ice  by  Pictet^s  method.   The 
cheapness  of  the  gas  and  its  easy  compressibility  render  it 
eminently  adapted  for  this  purpose.    Thousands  of  hundred-   Use  in  the  pio. 
weights  of  ice  were  manufactured  during  the  Exhibition  in      ^^p'^^^^®^ 
a  special  building  in  the  grounds,  erected  by  the  Pictet  Ice 
Company.  • ;  ♦•.. 

Sulphurous  acid  is  now  required  extensively  indyeifg,    in  dyeing. 
Bisulphite  of  lime  has  now  entirely  superseded  sulphur  as 
an  anti-ferment  in  the  wine  and  beer  making  industries.    In    ^ »»  anti-fe^ 
the  latter  manufacture  it,  together  with  salicylic  acid,  is  the 
sole  means  now  used  for  arresting  the  fermentation  at  the 
proper  moment,  and  to  prevent  any  subsequent  action. 

Hydrosalphurous  acid,  and  especially  its  sodium  salt,  dis 
covered  by  Schutzenberger  in  1873,  rank  among  the  most  ScMtxenberjcer. 
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Huiphuric  acid,  poworful  leduciug  agciits  DOW  ut  the  command  of  the  tech- 
nical chemist.     The  sodium   salt — NaUS(>2 — in  aqueous 
sohitiou,  forms  an  excellent  substitute  for  ferrous  suli)hate 
in  the  indigo  vat,  especially  for  woolen  goods.    For  ordinary 
u»o  of  the  dyeing,  it  increased  the  ease  and  rapidity  of  the  operation, 

MMlium    salt    of     ,  ._      /  .  ,      _  ,    .  .       . 

hydrosuiphuroua  whilc  insuring  purcr  shades ;  and  in  i)riuting  it  causes  a 
ac    n  ycing.    gg^^.^^g  ^^  r-^  p^j.  ^^^^^  ^f  ^\^^  iudigo  uscd,  whilc  permitting 

at  the  same  time  the  printing  of  aniline  and  other  dyes,  as 
well  as  offering  other  facilities.  The  solution  of  sodium  hy- 
drosulphite  is  prepared  by  adding  one  part  of  zinc  powder 
to  from  10  to  15  parts  of  a  solution  of  sodium  bisulphite, 
making  24^  B.,  and  stirring  until  the  odor  of  sulphurous 
acid  cease^s  to  be  given  off.  The  same  solution  is  lUso  used 
for  bleaching  woolens.  Since  the  introduction  of  this  re- 
agent a  new  impetus  has  been  given  to  the  woolen  industry 
in  certain  districts  of  Belgium  and  France. 

Kuricacid.  NITRIC  ACID  AND  NITRATES. 

Manvfacture  of  nitric  acid. 

Ainde  excia-  This  acid  is  Still  manufactured  exclusively  from  sodium 
Spct^oiiu^te  idtrate  (Chili  saltpeter),  by  decomposition  with  sulphuric 
Com^lHion\vith  '<i^'^^y  uouc  of  the  pi'oposcd  substitutcs  oileriiig  a  more  satis- 
*'s?n»^tW'pro-  fiictory  method.  The  most  important  of  I  liese  proi)o.sed  im- 
m^'^  *\Va«nei\  Provements  are  the  decomi)ositious  of  sodium  nitrate  by 
anil  waiz.         manganesc  chloride  (Kuhlman),  by  alumina  (Wagner),  and 

by  calcium  carbonate  and  steam  (Walz).    Noteworthy  ad- 
vances in  the  technical  arrangements  are  the  following: 
Introduction  of  horizontal  cast-iron  cylinders  in  place  of 
the  former  elliptical  retorts  for  decomposition,  permitting 
economy  in  fuel  and  greater  ease  in  coiiductiiig  the  opera- 
Tmnortaiittcch-  tloii ;  usc  of  Clcvc's  Changeable  cock,  permitting  the  sepa- 
mcnu  in"tho  aji-ratioii  of  the  colorlcss  acid  from  the  fuming  acid  during  the 
porntuf*.  reaction ;  substitution  of  glass  tubes  for  the  loriner  stone- 

ware heads  of  the  ixitorts,  allowing  a  constant  control  of  the 
reaction  in  the  retoi-tsj  introduction  of  cylindrical  jecipi- 
ents ;  absori>tion  of  the  vapors  issuingfroin  the  last  recipient 
by  sulphuric  acid  in  a  coke  scrubber,  forming  nitrous  acid 
similar  to  that  obtained  in  the  Gay  Lussac  tower ;  passage 
of  the  acid  vapors  through  a  glass  condenser.  This  last  is 
a  most  important  improvement.  One  of  the  chief  dihiculties 
hitherto  in  the  manufacture  of  nitric  acid  has  been  the  brit- 
Frapiityofthetle  character  of  the  stone-ware  recipients  when  exjjoscd  to 
r.ipicnta,  the  lapid  changes  of  tempenitiue  necessary  in  economical 

and  continuous  work.    In  England  this  annoyance  is  avoided 
aod  the  worm,    by  letting  the  acid  vapors  pass  through  a  worm  of  stone 
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ware.  The  unavoidable  fragility  of  the  latter,  however,  eii-  Citric  add. 
tails  frequent  loss.  Goebel,  in  Belgium,  has  replaced  the 
worm  by  a  suitable  glass  tube,  arranged  much  as  the  la-  Glass  wonu. 
miliar  condensers  of  the  laboratory,  and  kept  cool  with  a  con- 
stant stream  of  water.  By  this  simple  contrivance  he  les- 
sens the  number  of  the  recipients  to  a  third  of  the  former 
number,  entirely  prevents  their  breakage,  and  increases  the 
production  by  20  per  cint. 

The  residual  sodium  sulphate  from  the  decomposition  of  .Use  of  tho  ro- 
sodium  nitrate  is  now  profitably  used  in  the  manufacture  of  sulphate. 
soda  crystals,  as  well  as  of  ifordhausen  sulphuric  acid. 

Julian,  in  France,  has  patented  a  method  of  preparing 
nitric  acid  by  passing  the  electric  spark  through  strongly 
compressed  air. 

Nitrate  of  soda  {soda  saltpeter).  Nitrateofsoda. 

The  nitrate  of  sodium,  which  now  forms  the  great  source 
of  nitric  compounds,  is  derived  almost  entirely  froui  the 
w^estern  coast  of  South  America.  The  deposits  are  found  The  deposits  ot 
in  a  territory  about  2,400  miles  in  length,  extending  through  souS^ah^IIL^*^ 
Peru,  Bolivia,  and  Chili,  which  is  supposed  to  have  been 
the  bed  of  an  inland  sea,  and  to  have  since  been  elevated 
by  volcanic  agency.  Tho  deposits  are  found  in  a  marly 
earth,  froiu  three  to  thirty  feet  below  the  surface,  and  con-  Charactopofde- 

*^  posits. 

tain  usually  from  48  to  55  per  cent,  of  nitrate  of  sodium,  35 
to  40  per  cent,  of  chloride  of  sodium,  and  10  to  12  per  cent, 
of  insoluble  matter.    They  are  loosened  by  blasting,  and    Mode  of  work- 
the  pulverized  mineral  undergoes  a  series  of  lixiviations.  °^" 
The  old  method  of  boiling  the  mass  with  water  is  now  su- 
perseded by  extraction  at  a  lower  temperature,  a  change    improved  pro- 
followed  by  an  increase  of  30  per  cent,  in  the  yield  of  nitrate.  ^^**' 
Tlie  niti*at^  crystallizing  out  of  the  solution,  after  the  depo- 
sition of  the  chloride  of  sodium,  contains  95  or  96  per  cent, 
of  nitrate  of  sodium.     In  the  methods  ot  ti^ansport  and  ex- 
traction there  is  still  much  room  for  improvement. 

Peru  possesses  over  one  hundred  and  thirty  nitrate  works.    Nitrate  works 
producing  annually  about  300,000,000  kilograms,  over  half®     *^™' 
of  which  is  absorbed  by  England.     At  present  all  these 
works  are  in  the  hands  of  the  government,  which  has  pur- 
chased them  for  $17,500,000  in  1877,  and  it  intends  to  make 
a  monopoly  ot  the  manufacture. 

During  the  past  year  ver^-  extensive  deposits  have  been  Chiiiandoposits 
found  in  the  province  of  Atacama,  Chili,  containing  30  per 
cent,  of  nitrate  of  sodium.    The  production  of  nitrate  in 
Bolivia  has  been  greatly  increased  since  the  existence  of  the   works  in  bo- 

livia. 
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xitricaeid.     govemmeut  monopoly  in  Peni,  the  port  of  Antofogastu 
alone  exporting  1,180,000  kilograms  monthly. 

Nitrato  of  pot-  Nitrate  of  potash  ar  saltpeter. 

ash. 

Proccaabyiion      The  mannfactiire  of  this  salt  from  double  decomposition 
tion  of  po^^ni  of  commercial  potassium  salts  and  nitrate  of  sodium  has 
of  JJcSSm."*       now  attained  a  high  degree  of  perfection,  and  forms  at  pres- 
ent the  main  source  of  this  important  compound.    But  com- 
paratively small  quantities  of  saltpeter  are  now  exported 
from  India  and  other  tropical  countries,  and  the  so-called 
saltpeter  beds  are  scarcely  to  be  found  outside  of  Sweden, 
where  the  government  still  requires  an  annual  contribution 
Probable   ef-from  cach  laudholder.    The  increase  in  the  price  of  nitrate 
monopoly.         of  sodium  growuig  out  of  the  Peruvian  monopoly  may  pos- 
sibly revive  some  of  the  discarded  methods  for  forming 
PixMiuction  of  saltpeter.    In  the  great  Austrian  works  at  Simmering,  man- 
ttsSimarin^!^ ufucturiug  2,500,000  kilograms  annually,  chloride  of  [)Otus- 

sium  from  Kalusz  is  used,  on  account  of  its  freedom  from 

magnesium  salts.    In  the  other  leading  European  works  the 

Prodnotion  of  Stassfurth  suIt  is  uscd.    In  the  three  German  works  now  in 

on  wor      operation  20,000,000  kilograms  are  produced  annually. 
Schmidt**  pro-     Schmidt,  iu  Denmark,  obtains  saltpeter  by  adding  nitrate 
of  sodium  to  the  mother  liquors  remaining  after  the  separa- 
tion of  the  iodine  and  magnesia  from  the  solution  yielded 
New  French  by  the  lixivijitiou  of  kelp  ash.    By  a  new  French  process 
prooeas.  ^^^  convcrsiou  of  the  nitrate  of  sodium  into  the  potassium 

salt  is  effected  by  inclosing  the  solution  in  an  autoclave, 
provided  with  a  stirring  apparatus,  and  exposing  it  to  the 
action  of  steam  at  a  pressure  of  six  atmospheres. 

Very  impure  saltpeter  is  brought  from  Peru,  obtained 

from  the  residual  liquors  after  the  crystallization  of  the 

nitrate  of  sodium. 

Considerable  quantities  of  niter  are  now  manufactured  in 

Decompoeition  Belgium  from  Chili  saltpeter  by  dccomi)Osing  it  with  car- 

of  potoMhim^f)!^  bonate  of  potassium,  obtained  from  the  ashes  of  the  beet- 

aahesofuiownsto  root  sugar  manufactories.    The  product  of  this  industry  is 

«ngSproM8r***'very  pure,  and  it  is  sold  at  a  low  price. 

During  the  recent  Eusso-Turkish  war  large  quantities  of 
saltpeter  were  exported  from  America  to  Europe. 

PauuHumtaUi.  POTASSIUM  SALTS. 

Deposits  of  po-     The  rapid  development  of  the  enormous  deposits  of  po- 
Ka]ii8zfuid8t!i8s.tassinm  salts  at  Kalusz,  in  the  Carpathians,  and  at  Stass- 

fnrth,  in  Central  Germany,  has  caused  the  usual  processes 
for  obtaining  these  compounds  to  descend  to  a  somewhat 
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subordinate  position.    The  use  of  pearlasli  is  become  more  Pouunumtous. 
and  more  limited.    Tlxus  the  export  of  pearlasli  from  Lower 
Canada  to  Europe  has  diminished  during  the  past  twenty- 
five  years  from  7,500,000  kilos  to  5,000,000  kilos. 

The  extraction  of  the  potassium  salts  from  the  suint  ^^^^^^^  ^" 
raw  wool,  a  practice  introduced  in  1859,  grew  to  be  an  im- 
portant industry  in  a  few  years,  a  full  and  exhaustive  de- 
scription of  which  was  given  by  A.  W.  Hofmann  in  his  re-     iioftnanv  n- 
port  on  the  Chemical  Industries  as  shown  at  the  Universal  EibitioD.°86£ 
Exhibition  held  in  London  in  18G2.     This  industry  origi- 
nated in  France — growing  out  of  the  researches  chiefly  of 
Vauquolin,  in  1803,  and  of  Chevreul,  in  1828 — ^where  it  still 
flourishes,  notwithstanding  the  unequal  contest  with  the 
Stassfurth  minerals.    It  is  also  carried  on  in  Germany  and 
in  Hungary,  where,  by  the  process  of  exhaustive  lixiviation 
now  practiced,  a  yield  of  over  30  kilos  of  crude  potash,  con- 
taining 80  per  cent,  of  potassium  carbonate,  from  1,000  kilos 
of  wool  is  obtained.    Potash  extracted  from  suint  is  said  to 
contain  no  soda. 

The  combined  efi'ect  of  the  Stassfurth  deposits  and  the   caa«e«  of  de- 
South  Ameiican  supplies  of  iodine  have  exerted  a  depress- proll^uws^  ex- 
iug  influence  on  the  extraction  of  salts  from  sea-weed  ashes,  ^^J^^i^Sd!^ 
especially  in  France.    A  most  ingenious  process  has  been 
introduced  by  Herland,  which,  by  increasing  the  yield  of  nerUmd's  pro- 
I>otash  and  of  iodine,  will  probably  enable  this  industry  to  °®"* 
maintain  its  existence.    Instead  of  being  burned,  as  hitherto, 
the  freshly-gathered  kelp,  packed  in  iron  baskets,  is  im- 
mersed in  lime  baths — containing  50  kilos  of  caustic  lime ,  ,  swoping  the 

'^  ,  kelp    in    canttio 

to  the  cubic  meter  of  water — and  allowing  the  salts  to  be  limo  «»i»ition. 
extracted  by  the  process  of  osmosis.     By  diffusion  through 
the  walls  of  the  cells  of  the  vegetable  the  salts  of  the  plants 
go  into  solution  and  arc  replaced  by  lime.    The  plants  are 
are  used  for  fertilizers,  where  potash  salts  are  not  required; 
and  the  solutions,  on  being  treated  as  usual,  yield  three 
times  the  amount  of  potash  and  iodine  obtained  by  former 
processes.     The  extraction  of  chloride  of  potassium  from    Kxtraction  of 
the  mother- waters  of  the  salt  gardens  in  France  had  as-  sium   from  the 
sumed  large  proportions  at  the  time  of  the  discovery  of  the  the  ^t  gwSeliil 
deposits  in  Germany.    Since  that  time  Merle  ha«  introduced 
such  important  modifications  into  the  methods  practiced, 
that  now  it  is  possible  to  produce  chloride  of  potassium  at 
a  price  even  below  that  of  the  German  or  Austrian  product. 
The  most  important  and  the  most  recent  of  these  improve-      Mcrie'e   im- 

Druved  pr~^'*^"'*^^ 

ments  consists  in  a  simple  method  for  obtaining  anhydrous 
sodium  sulphate  (thenardite)  from  crystallized  glauber  salt 
(Na2S04  +  lOHjO).     In  the  concentration  of  the  mother- 
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PotoMnum  »aus.  waters  necessaiy  for  the  separatiou  of  the  chloride  of  po- 
tassium, a  precipitate  of  crystallized  sodium  sulphate,  ten 
Merle's  pro-  times  tho  Weight  of  the  potassium  salt,  is  obtained  as  a  lye 

****'  product.    On  account  of  the  cost  and  technical  difiicultii^s 

(^onnectx^d  with  the  reduction  of  this  salt  to  the  anhydrous 
state  by  the  action  of  heat,  it  was  practically  of  but  little 
value.  The  new  method  of  utilizing  this  salt  is  bnsed  on 
the  fact  that  when  it  is  liquified  in  its  water  of  crystalliza- 
tion at  330  C,  and  there  is  added  to  the  solution  10  to  22 
per  cent,  of  common  salt,  or,  better  still,  a  mixture  of  mag- 
nesium sulphate  and  sodium  chloride — precipitated  at  one 
stage  of  the  operation — the  entire  quantity  of  sodium  sul- 
phate present  is  precipitate<l  as  a  fine  powder,  in  a  high 
state  of  purity.  In  this  form  the  sulphate  is  i)rized  by 
glass-makers.  This  advantageous  disposition  of  the  most 
important  lye  product  in  the  operation  enables  the  chloride 
of  potassium  to  be  produced  at  a  price  allowing  successful 
competition  with  the  Stassfurth  salt,  even  outside  of  France. 
As,  however,  the  amount  of  chloiide  of  potassium  obtained 
in  this  way  is  proportionate  to  the  production  of  salt  (1  to 
33),  this  industry  must  necessarily^  remain  somewhat  limited. 
Manufacture     The  manufacture  of  potash  from  the  vinasse  left  after 

rin£uf.  *  "^  the  distillation  of  fermented  beet-root  molasses  has  formed 
for  the  past  torty  years  an  important  branch  of  industry 
in  France,  Germany,  and  Belgium.  It  was  estimated,  in 
1874,  that  no  less  than  12,(l()0,00()  kilos  of  potash  were  de- 
rived from  this  source  alone.  This  quantity  is  less  now,  on 
account  of  the  increased  i)ractice  of  extracting  the  sugar 
from  the  molasses  by  osmosis  or  elution.  This  industry  has 
assumed  a  new  interest  since  the  introduction  in  France  of 
viiicent'a  pro-  Viuceut's  mcthod  for  the  utilization  of  the  products  result- 

^*ScinoUoDflub-ing  from  the  carbonization  of  vinaase.    The  calcination  in 

?ation.    ^    ^*  *  reverberatory  furnaces  is  replaced  by  distillation  in  retorts, 

a  process  yielding  an  extremely  porous  residue,  easily  lix- 
iviated, and  allowing  the  ammonium  salts,  trimethyhunine 
salts,  and  methylic  alcohol  in  the  distillate  to  be  saved. 

PotanHium salt*  Potassium  Halis  from  Stanafurth  minerals, 

from    Stasafurth  *  -^ 

minora  la. 

The  production  of  potassium  salts  at  Stassfurth  and  the 
neighboring  district  is  steadily  increasing.     In  187C  the 
mines  delivered  547,000,000  kilos  of  potassium  salts,  and  at 
Product  of  tho  present  the  yield  is  about  2,000,000  kilos  daily,  an  amount 
minea.  corrcsiwuding  to  about  500,000  kilos  of  chloride  of  potas- 

sium daily.    The  system  of  boring  introduced  by  Douglas 
Borinc  proccaa  is  uow  in  succcssful  Operation.    In  1877  a  boring  made  by 
of  Dou«    .        ^  company  south  of  Stassfurth  reached  a  rich  stratum  of 
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potassium  salts,  20  meters  thick,  at  a  depth  of  240  meters  Potanium  §au*. 
from  the  suiiace,  below  various  deposits  of  tfypsura  ami 
saudatone.    But  few  changes  have  been  made  in  the  treat' 
ment  of  the  salts.    Briinuer  has  brought  into  use  a  new  Bruuner'H 

method  for  preparing  potassium  sulpliate  from  chloride  of™** 
potassium  and  kisserite  (MgS04+n20)  or  kaiuite  (potas- 
sium  sulphate  and  magnesia),  which  consists  in   adding 
alcohol  to  a  solution  of  the  salts.    This  causes  an  instant 
precipitation  of  potassium  sulphate,  with  small  quantities 
of  chloride  of  potassium.    After  evaporation  of  the  alcohol, 
concentration  to  1.2C  sp.  gr,  causes  a  separation  of  pure 
chloride  of  [)Otassium,  and  further  concentration  a  precipi- 
tation of  pure  carnallite  (KClMgCU+OIIaO).     The   "^ost^^Pfi'ifftT|8inode 
notable  improvement  in  this  industry  is  Pfeiffer's  ingenious  duo. 
utilization  of  tlu^  residues  accumulating  in  the  preparation 
of  chloride  of  potassium.    The  average  comi)osition  of  the 
Stassfurth  deposits  is : 

Per  cent.      Composition  of 

Camallito(K(r.M-(:i2-|-()H.:0 r>a5^b«      Stawfurth 

Rock  salt  (NiiCl) 21. 

Ki88tTite  (M,'j;S04+rT:0) 15. 

Anhydrite,  borncitcs  tacliyhydritc,  sand,  etc 5. 5 

After  tlie  extraction  of  the  chloride  of  potassium,  there 
remains  a  residue  of  about  30  per  cent.,  consisting  of: 

Per  cent.      Rcsidne    after 

KCl 5. 25  «fl™cj*«n  o^  the 

^,  ^,  cblondo  of  potas- 

NaCl 47.       8ium. 

MgCIa 3.85 

MgS04 29.25 

H«0 6.50 

Insoluble H.  15 

The  residues  have  frequently  been  treated  in  winter  for    Usoof  the  real- 
the  extraction  of  glauber  salt,  but,  Jis  this  is  scarcely  remu-  aika.ie8  for  giasa 

works 

nerative,  enormous  quantities  of  the  above  mixture  of  salts 
have  accumulated  about  the  various  works.  Pfeiffer  finds 
that  this  residue  serves  admirably,  in  its  actual  form,  as  a 
source  of  alkalies  for  common  glass.  Liirge  quantities  have 
already  been  introduced  into  bottle  glassworks.  In  view  of 
the  great  extent  of  these  residues,  it  will  be  found  profit- 
able to  introduce  at  Stassfurth,  in  addition,  the  new  French 
method  described  above  for  the  separation  of  anhydrous 
sulphate  of  sodium  from  the  mother-waters. 

Potassium  carbonate  is  now  manufactured  extensively    Do  Gon8iiii«T'« 
from  the  chloride  by  De  Oonsilhei-'s  modification  of  theam- theammon&pro. 
monia  i)rocess,  viz,  the  use  of  a  very  dilute  alcohol — 35  per  ^'^' 
cent.    In  this  menstruum,  chloride  of  potassium,  chloride 
of  ammonium,  ammonia,  and  carbonic  acid  are  easily  solu- 
ble, while  potassium  carbonate  is  almost  entirely  insoluble. 
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Potasnum  saiti.  ^jj  apparatus,  workiDg  continaously,  Las  been  devised  by 
Siemens  nppa-  W.  SiemeDS,  in  wbicL  the  loss  of  alcohol  does  not  amount 

retUB. 

to  more  than  0.5  per  cent,  of  the  quantity  in  use  for  each 
100  kilos  of  potassium  carbonate. 

Soda  indmtry.  THE   SODA    INDUSTRY. 

Noteworthy  advances  have  been  made  in  this  industry 
during  the  past  few  years.    As  the  most  imx)ortant  fact  re- 
vealed by  the  Exposition  of  1878  in  this  connection,  should 
be  mentioned  the  complete  vindication  of  the  ability  of  the 
suoceM  ot  the  ucw  ammouia-soda  process  to  compete  with  the  Leblanc 

vMiapro^^''^^  process,  after  having  satisfactorily  sustained  the  test  of  a 
twelve  years'  trial.  The  realization  of  this  result  has,  how- 
ever, called  forth  an  unusual  amonnt  of  inventive  effort 
among  those  interested  in  the  maintenance  of  the  old  sys- 
tem, especially  in  England,  which  has  resulted  in  the  intro- 
duction of  numerous  new  mechanical  contrivances  for  nearly 
all  the  processes  hitherto  in  vogue,  at  once  lessening  the 
past  dependence  on  skilled  labor,  effecting  more  thoroughly 
the  chemical  decompositions  underlying  the  process,  and 
causing  considerable  economy  in  material  and  fuel.  At  the 
HarsreaTeB.  samc  time  Hargrcavcs's  ingenious  process,  regarded  by  niauy 
as  the  method  of  the  future,  slowly  attains  a  degree  of  per- 
fection which  may  possibly  enable  it  shortly  to  prove  the 
most  impoi*tant  factor  in  finally  settling  the  status  of  the 
ammonia-soda  manufacture. 
England  the     England  Still  coutinucs  to  be  the  chief  source  of  alkali, 

Jji^  sonrco  o  ^xpQptJijg  auuually  about  275,0i]0,0()0  kilos  to  supply  the 
wants  of  other  countries.  No  other  country  has  as  yet 
raised  its  manufacture  to  a  quantity  equaling  its  consump- 
tion, not  even  Fnince,  with  her  ap])arently  unlimited  sources 
of  raw  material  and  advantageous  position.  It  is  in  fact 
almost  impossible  for  any  country  to  successfully  compete 
Combination  of  with  England  in  this  branch,  on  account  of  the  rare  combi- 

T«lrtog  Britain.^""  uatlou  of  circumstauccs  favoring  the  British  manufacturer. 
These  consist  chiefly  of  the  cheapness  of  all  raw  material 
required  and  the  enormous  interests  vested  in  the  manu- 
facture, which  admit  of  the  construction  of  expensive  appa- 
ratus, calculated  for  a  production  far  above  that  attempted 
in  the  gi'eat  majority  of  Continental  works.  Thus,  thi^ee  of 
the  leading  establishments  on  the  Tyne  manufacture  much 
more  than  the  whole  twenty  works  in  Germany.  It  is  to  be 
remarked,  however,  that  this  great  economical  triumph  is 
Prodnot  leas  uot  combiucd  with  a  corresponding  purity  of  product,  and 

•f^Fran^^a^^in  thls  rcspcct  the  products  of  the  French  and  Germain 

^^*™*"^'  works  are  decidedly  superior.    This  overwhelming  superi- 


CHEMICAL   PROCESSES:    COMMISSIONER   JENKINS.  33 

ority  of  England  is  chiefly  felt  in  Germany,  where,  despite  *^»  industry. 
the  perfection  of  the  chemical  management,  one-third  of 
the  works  have  been  closed  during  the  past  few  years,  un- 
able to  contend  against  the  dif&culties  facing  the  soda 
industry  in  that  empire. 
Extensive  deposits  of  natural  soda  have  been  discovered  ,    njjcovery  of 

*^  deposits  of  natu- 

in  Wyoming  Territory,  covering  nearly  1,000  acres.    It  isra*«>doinWyo- 

claimed  that  this  natural  salt  is  as  pure  as  that  occurring 

in  commerce,  and  that  the  amount  is  sufficient  to  supply 

the  world's  demands  for  centuries  to  come.    The  realization 

of  these  expectations  may  possibly  change  entirely  the 

future  of  this  extensive  industry.    A  thorough  scientiiic 

investigation  of  these  deposits  is,  however,  still  wanting. 

The  amount  of  soda  obtained  from  kelp  is  now  compara- 
tively unimportant. 

The  manufacture  of  soda  from  the  cryolite  of  Greenland  is    Sodafh>moryo- 

lite 

now  confined  to  this  country,  with  the  exct- ption  of  a  single 
establishment  in  Denmark.  About  8,000,000  kilos  of  cryolite 
are  required  annually  for  this  branch,  of  which  6,000,000 
come  to  America. 

Large  amounts  of  sulphate  of  sodium  are  now  obtained  Sulphate  of  so- 
from  the  mother-liquors  remaining  after  the  extraction  of  mother-uquorsat 
chloride  of  potassium  at  Stassfurth,  or  those  used  for  the 
extraction  of  the  same  salt  in  the  French  salt  gardens  by 
the  methods  alluded  to  in  connection  with  potassium  salts, 
as  well  as  from  the  mother-liquors  after  the  extraction  of 
copper  from  the  residues  of  the  pyrites  burners. 

PRODUCTION  OF  SULPHATE  OF  SODA  AND  HY-    ^   Sulphate  ot 

soda  nna  hvdro- 

DROCHLORIC  ACID.  chloric  aoid.^ 

The  use  of  the  time-honored  ^Mlccomposer"  and  "roaster'' 
for  the  changing  of  chloride  of  sodium  into  sulphate  of 
soda,  with  the  attendant  laborious  manipulation,  is  now 
being  superseded  by  more  rationally  constructed  furnaces. 
Jones  &  Walsh  have  introduced,  within  the  pa^jt  four  years,  fu^JSwl^^'*^^ 
a  furnace  which  is  now  in  operation  in  over  a  dozen  English 
works,  although  scarcely  out  of  the  experimental  period. 
It  consists  of  a  large,  comparatively  shallow  iron  pan  (ex-  Description, 
posed  to  a  free  coke  lire),  in  which  the  entire  reaction  takes 
place  and  is  completed.  An  axle  passes  down  through 
the  masonry  above  the  pan  to  its  center,  and  is  provided 
with  a  system  of  projecting  branches  terminating  in  iron 
shovels.  By  the  motion  of  the  axle,  the  entire  contents  of 
the  pan  are  thus  kept  in  constant  agitation.  A  slight 
change  of  the  disposition  effects  likewise  the  discharge  by 
the  same  agency.    A  hopper  above,  with  a  conical  valve, 

3  p  R ^VOL  4 
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Soda  industry,  permits  the  introduction  of  the  entire  chai*ge  of  salt  at 
once.     About  four-fifths  of  the  ni^ceasary  amount  of  sul- 
phuric acid  is  admitted  by  two  or  more  leaden  tubes,  and 
Jones  &  Walsh  the  machinery  is  set  in  motion.    The  evolution  of  hydro- 
i>n»ce88.  chloric  acid  is  extremely  regular,  and  there  is  no  foaming 

chiorWo  of  BO-  over  of  the  mass.     After  the  lapse  of  fifteen  minutes,  a 
phatoofsodo.     Small  quantity  Sufficient  for  a  test  is  taken  out,  and  then 

the  exact  amount  of  acid  required  to  comi)lete  the  reaction 
or  decomposition  is  added.  By  this  method  a  saving  of  5 
per  cent,  in  sulphuric  acid  is  effected,  and  the  temperature 
necessary  for  the  reaction  is  reduced  from  050°  C.  to  425° 
C.  The  chief  difficulty  not  yet  fairly  overcome  is  the 
decomposition  of  the  last  portions  of  the  salt.  The  coat  of 
this  furnace,  with  the  necessary  steam  -engine,  is  about  $2,000. 
waiker™"'2^i^  A  reccut  improvement  is  a  revolving  pan  with  a  station- 
podnK  famaco.   ary  Stirrer.    In  a  decomposing  furnace  invented  by  Cam - 

mack  &  Walker  the  process  is  continuous.  The  mixture  of 
salt  and  sulphuric  acid,  in  equivalent  proportions,  enters  at 
one  end  of  a  long,  horizontal,  cylindrical  rotating  furnace, 
and  issues  at  the  opposite  end  in  the  form  of  sulphate  of 
sodium.  The  technical  difficulties  attending  the  removal  of 
the  sulphate  have  not  yet  been  entirely  overcome. 

While  Jones  &  Walsh  aim  at  the  economical  transforma- 
tion of  salt  into  sulphate  of  sodium  by  means  of  sulphuric 
Hargreaves  &  acid,  Hargrcavcs  &  Robinson,  by  a  method  patented  in 
phateofM^proi  1870,  scek  to  lutroducc  a  much  more  radical  change,  viz,  to 
^^'  leave  out  the  major  part  of  the  processes  now  involved  in 

the  manufacture  of  sulphuric  acid,  and  effect  the  forma- 

nringinis  the  tion  of  sulphatc  by  bringing  the  gases  usually  conducted 

produjed      by  from  the  pyntes  burners  to  the  lead  chambers  m  company 

in  conuiot  with  with  stcam.  directlv  into  contact  with  chloride  of  sodium  at 

chloride  of  aodi.  ,.  \  ^^  __  . . 

um.  the  proper  temperatui*e.    The  reaction — 

2NaCl+S03+0+HaO=Na3S04+2HCl— 

is,  theoretically,  a  vastly  simpler  i)roce8s  than  that  at  present 
involving  the  construction  of  vitriol  chambers,  the  consump- 
tion of  nitrogen  compounds,  and  the  concentration  of  the 
resultant  sulphuric  acid,  as  well  as  the  incomplete  action 
of  the  best  decomposers.  So  far  as  the  chemistry  of  the 
reaction  is  concerned,  the  experimental  period  has  been  sat- 
isfactorily passed,  and  for  several  years  the  inventor's  efforts 
have  been  directed  to  the  solution  of  the  numerous  mechani- 
cal and  thermal  problems  on  which  the  success  of  a  new 
method  is  so  dependent. 
ProceM  ia  in  At  present  the  method  is  in  satisfactory  operation  in  at 
°^  least  three  large  English  establishments,  and  on  trial  by 
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fieveral  others.    In  these  works,  where  all  the  chief  techni-   ^<>^^  industry. 

cal  difficulties  have  been  overcome,  it  must  be  confessed 

that  success  demands  the  incessant  watchfulness  of  a  seien-  R^JJ^n-ii' "^^roda 

tiilc  man,  and  has  been  attained  at  no  slight  financial  out-  p"x^«»«- 

lay.    Thus,  Stevenson  &  Co.  have  expended  over  $150,000 

in  introducing  the  new  process  into  their  works. 

The  process,  as  now  in  operation,  is  essentially  as  follows :  Descriptioa  of 
Both  rock  and  brine  salt  are  adapted  for  the  manufacture,  p"****^ 
In  either  case  the  salt  is  finely  powdered,  then  sJightly 
moistened,  and  pressed  into  small  uniform  cakes  about  1^ 
inches  in  diameter,  which  are  thoroughly  dried.*  These 
dried  and  porous  cakes  are  next  introduced  into  cast-iron 
cylinders,  where  they  remain  without  further  manipulation 
until  changed  into  sulphate.  The  cylinders,  12  feet  high 
and  16  feet  in  diameter,  are  placed  together  in  a  battery  of 
never  less  than  eight,  and  in  one  instance  as  many  »s  twenty. 
Experience  shows  that  the  proportionat^i  consumption  of 
coal  decreases,  and  the  production  of  sulphate  in  the  cylin- 
ders increases,  in  a  certain  ratio  to  the  increase  in  the 
number  of  cylinders.  Each  cylinder  contains  about  40,000 
kilos  of  sulphate  at  the  end  of  the  reaction.  The  cylin- 
ders are  so  united  with  each  other  that  gas  entering  at  one 
end  of  the  battery  has  to  pass  through  the  entire  length 
of  each  cylinder  before  issuing  from  the  other  end  of  the 
series.  The  arrangement  of  a  battery  to  allow  of  the  in- 
dividual cylinders  being  heated  in  all  parts  equally,  and 
to  maintain  the  necessary  temperature — 4t5(P  C,  a  dull-red 
heat — for  fourteen  to  twenty  days,  the  time  ivquired  for  the 
completion  of  the  reaction,  without  overptissiug  the  amount 
of  fuel  required  in  the  old  method,  has  presented  a  serious 
problem  for  solution.  Hargreaves  has  overcome  the  diffi- ^^JJ^«  ftSm  tiS^ 
culties  so  ablvi  however,  that  bv  taking  advantage  of  the'^«ctionthtH>reii. 

•  '  '  •  ^  "  ciillv  more  than 

heat  resulting  from  the  reaction — of  itself  theoretically  more  sumcient. 
than  sufficient  to  8ui)ply  all  the  hesit  needed— and  of  the 
heat  of  the  gases  issuing  from  the  pyrites  burners,  the  con- 
sumption of  coal  for  the  single  purpose  of  heating  the  cylin- 

*  An  excellent  salt  for  this  parposo  is  obtained  by  the  lately  iutro-  .  I*\>1»1'8  method 

for  L'lio  coiiCiOiiit'i*'i~ 

Jucefl  method  of  Pohl  for  the  concentration  of  brines,  in  which  the  tion  of  briDcu. 
flame  is  conducted  between  the  bottom  of  one  evaporator  and  the  sur- 
face of  1  he  brine  in  a  second  evaporater  immediately  below  the  first. 
By  this  method  the  salt  in  the  lower  pan  is  separated  in  a  finely 
divided  state,  and,  although  blackened  somewhat  by  falling  soot,  serves 
admirably  for  the  new  sulphate  process.  The  reduction  of  the  amount 
of  fuel  necessary  to  evaporate  a  certain  quantity  to  one-third  of  the 
amount  hitherto  required,  as  effected  by  PohVs  new  method,  may  have 
an  important  bearing  on  the  future  of  Hargraves's  process,  as  PohPs 
salt  is  badly  adapted  for  ordinary  sulphate  manufacture  on  account  of 
its  fine  state  of  division. 
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SodainduHry.  Jers  16  i*educed  to  50  kilos,  or  6  per  cent.,  per  1,000  kilos 
of  dulpliate  in  a  battery  of  twenty  cylinders.     To  this 

ii*SSOT?ir*t«u  ^^^'^^^  ™°®^  ^  added  ibat  necessary  for  tbe  preparation  of 
prwiesii.  tbe  cbloride  of  sodium  and  for  tbe  supply  of  steam,  bringing 

up  tbe  total  percentage  to  about  25  per  cent.,  or  250  kilos, 
^xpenditareofof  coal  per  1,000  kilos  of  sulpbatc,  a  result  in  all  respects 
kiiM  MiiphAte.    satisfactory  as  compared  witb  the  amount  demanded  in  tbe 
formation  of  sulpbate  by  the  usual  methods.    The  current 
of  sulphurous  anhydride,  air,  and  superheated  steam  enters 
the  cylinder  in  which  the  reaction  is  nearest  completion,  and 
passes  through  cylinders  containin^^  less  and  less  of  sul- 
phate, until  the  mixture  of  gases  and  vapor  is  deprived  of  all 
or  nearly  all  sulphurous  anhydride,  and  it  reaches  the  last 
cylinder,  containing  salt  scarcely  attacked,  and  issues  from 
thence  ladened  with  hydrochloric  acid  to  the  condensing 
towers.    About  2  per  cent,  of  the  sulphurous  acid  is  lost — 
a  quantity  scarcely  worthy  of  consideration  in  comparison 
with  the  losses  in  sulphuric  acid  manufacture  nnd  the  old 
BeflUinff  the  sulphate  fumacc.    When  the  contents  of  the  cylinder  nearest 
veninuthedii^'  the  kilus  have  been  entirely  transformed  into  sulphate,  an 
!Sa"?fc«"^inReinou8  aorangement  permite  the  swltcLing  out  of  that 

cylinder  from  the  circuit,  to  be  emptied,  refilled  with  salt, 

and  replaced  in  the  circuit  sis  the  last  member  of  the  series. 

09 TCFcent purew*  "^^^  sulphatc  produccd  contains  often  over  90  per  rent,  of 

sulphate  of  soda.  The  inventors  are  constantly  improving 
the  mechanical  arrangements  of  the  ap])aratus. 
iif^^"^f**  "'  ^^^  chief  advantages  of  the  system,  as  now  perfected,  are, 
(1)  economy  resulting  from  the  suppression  of  the  manufact- 
ure of  sulphuric  acid ;  (2)  a  much  purer  sulphate  than  that 
hitherto  obtained;  (3)  independence  of  skilled  labor;  (4) 
absolute  freedom  from  escapes  of  hydrochloric  acid  during 
the  operation  ;  (5)  regular  development  and  easy  condensa- 
tion of  the  hydrochloric  acid  ;  and  (G)  small  loss  of  sulphur. 
The  principal  objections  are  the  great  expense  of  the  i)lant, 
increase  of  unskilled  manual  labor,  and  frequent  increase 
in  consumption  of  coal.  At  its  present  stxge  of  develop- 
ment it  is  extremely  probable  that  after  a  few  years,  with 
their  attendant  capital  of  accumulated  experience,  this  new 
process  will  have  conquered  a  x)ermanent  place  in  the  alkali 
industry. 
j«moH&  Walsh  In  the  condensation  of  the  hydrochloric  acid  evolved  in 
S^aini^  the  ^y'  the  preparation  of  sulphate,  a  valuable  improvement  is  due 
*'  to  Jones  &  Walsh,  the  inventors  of  the  furnace  described 
above.  It  consists  in  passing  the  hot  gases  issuing  from  the 
furnace  through  a  stone  trough,  in  the  cover  of  which  are 
numerous  openings,  permitting  the  entrance  of  jets  of  fine 
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spray.    The  effect  of  this  fine  shower-bath  on  the  passing  soda  induttry. 
gases  is  to  cool  them  off  and  free  them  from  the  smoke  and 
particles  of  dust  conv  jyed  from  the  furnace.    The  exposures  „,J^®  iwl^- 
to  the  bath  is  too  short  to  allow  of  any  great  absorption  of  ^S^^^^j^iiy**"*" 
hydrochloric  acid,  while  in  consequence  of  its  cooling  effect 
the  absorption  in  the  regular  coke  tower  is  very  perfect,  and 
the  acid  condensed  there  is  of  good  quality.    The  arrange- 
ment is  naturally  intended  chiefly  for  furnaces  where  the 
flame  comes  in  direct  contact  with  the  sulphate.    The  con- 
densation of  hydrocliloric  acid  in  French  works  is  usually 
accomplished  very  thoroughly  by  passing  the  gas  through 
a  system  of  Woulff's  bottles. 

Conversion  of  sulphate  into  crude  soda  by  LehlamPs  process.  ^^  gaf  ^SteTSo 

crude  mmIa  by  Le* 

For  this  purpose  the  use  of  revolving  furnaces  is  becom-  Diane's  process, 
ing  more  general  in  England,  although  but  little  progress 
has  beea  made  in  this  direction  cm  the  Continent.    An  inno- 
vation of  great  importance  has  been  introduced  by  Mactear 
in  the  process,  which  secures  considerable  economy  in  the 
various  steps  of  the  oi)eration.     Hitherto  it  has  been  usual 
to  add  to  100  parts  of  sulphate  90  to  125  parts  of  chalk,  in- 
stead of  the  70  parts  theoretically  required.    This  excess  has 
been  regarded  as  necessary  in  order  to  prevent  the  forma- 
tion of  hard  compact  masses  of  ball-soda,  ])ractically  insolu- 
ble in  water,  which  ensues  when  merely  the  exact  equiva- 
lent of  chalk  is  added.    Miictear  overcomes  this  difliculty  in    Mactear't  im- 
the  following  manner:  The  mixture  of  small  coal,  sulphate  15?k»t™^ iiu»«*i 
of  sodium,  and  the  equivalent  quantity  of  limestone  is  in-SS^e.^^*'' 
troduced  into  the  revolving  furnace  invented  by  Elliott  & 
Bussel  and  improved  by  Mactear.    A  slow  motion  is  main- 
tained until  the  fusion  is  complete.    A  small  quantity  ^^^^^^^^  of 
caustic  lime,  in  coarsely  pulverized   fragments,  is   then  "^o^^^^p- 
added,  and  the  furnace  is  kept  in  motion  until  the  lime  is 
evenly  distributed  throughout  the  mass,  and  is  then  rapidly 
emptied.    When  the  crude  soda  thus  prepared  is  brought 
in  contact  with  water,  the  mechanical  action  incident  to 
the  slaking  of  the  fragments  of  lime  renders  the  entire  mass 
so  porous  that  its  lixiviation  is  accomplished  with  the  great- 
est ease.    The  advantages  result  ing  from  this  simple  change    Advantage*. 
are  manifold.    The  productive  capacity  of  the  furnaces  is 
increased  from  50  to  70  per  cent.,  both  coal  and  time  being 
saved;  the  decomposition  of  the  sulphate  is  more  com- 
plete ;  the  weight  of  the  entire  mass  is  diminished  by  20  per 
cent.,  thereby  lessening  the  expense  of  handhng  and  the 
amount  of  soda  retained  by  the  residues ;  there  is  a  gene- 
ral saving  of  ftt)m  $1.25  to  $2.50  on  the  ton  of  soda  ash  (48 
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sodaimdiMtry.  per  ceut.);  the  regeneration  of  solphar  from  the  soda  waste 

is  furthered — ^the  success  of  this  process  depending  on  the 

M'ftotear't  im-  concentration  of  the  Ivcs  and  the  absenceof  carbonate  of  lime ; 

proved  prooess.  ' 

finally,  the  soda  obtained  is  as  pure  as  that  resulting  from  the 
ammonia  process — a  fact  of  the  first  imx>ortance  for  the  latter 
industry,  in  view  of  its  chief  claim,  viz,  the  production  of 
an  almost  pure  product.  The  only  objection  brought  against 
the  new  method  is  the  increased  percentage  of  sulphide  of 
sodium  in  the  crude  soda  obtained. 

leMttranl  **'  ^***     ^^^  reaction  takiug  place  in  the  decomposition  of  sulphate 

of  sodium  has  been  c;irefuily  studied  by  Mactear.    He  finds 
that  the  following  reactions  occur  according  to  the  tempera- 
ture: 
Above  a  red  heat — 

Na»SO4+40 =Na^+4CO. 

At  a  dull  red  heat— 620O-700o  C— 
3Na,SO4+6C=Na,CO3+NaaS,+Na2S+4CO3+0O. 

Fomifttion  ^^^  formation  of  considerable  quantities  of  sulpho-cyanide 
^dfu^y^e^i^d  ferro-cyanide  of  sodium  in  the  soda  process  has  been 
of  sodium.         obscrvcd.    Works  producing  daily  15,000  kilos  of  cru(  I  e  soda 

would  produce  annually  about  6,500  kilos  of  ierro-cyanide 
and  3,250  kilos  of  sulpho-cyanide  of  sodium. 
^^•Miioeof  cy.     The  presence  of  cyanides  in  crude  soda  has  often  bven  re- 

anides  in  erode 

flodimn.  marked.   Pechiney  has  introduced  a  method  to  prevent  their 

formation,  which  consists  simply  in  the  addition,  at  the  end 
of  the  usual  decomposition,  of  a  small  additional  quantity 
of  sulphate  of  sodium  sufficient  to  oxidize  the  cyanides  pres- 
Query:  u  to  cut.    Chcmists  are  not  yet  united  on  the  source  of  the  nitro- 
StilS^****'*^®  gen  or  the  reaction  to  which  the  cy  .nides  owe  their  forma- 
tion. 
HM^vee  &     Hargreaves  &  Bobinson  propose  a  fusion  of  (he  sulphate 
with  coal  and  oxide  of  iron  ((»r  manganese  or  zinc)  in  large 


crucibles  with  perforated  bottoms.  The  crude  soda  fiows 
out  through  the  ox>enings,  and  the  residual  sulphides  are 
oxidized  by  exposure  to  moist  air.  This  process,  first  pointed 
out  as  early  as  1775  by  Malherbe,  unsuccessfully  tried  by 
Alban,  was  thought  to  be  perfected  in  1854  by  £.  Kopp  and 
Stromeyer,  who  fused  the  materials  in  the  usual  soda  fur- 
^•top  o'  the  iiace,  where  the  conversion  takes  place  as  follows : 

cooTenioiL 

2Fe,03 + 3Na,S04 + 16C = Fe4Na«S3+ 14CO + 200^. 

This  crude  mass  is  exposed  to  air,  water,  and  carbonic 
acid,  which  convert  the  sulphuret  of  sodium  and  iron  into 
carbonate  of  sodium  and  a  double  sulphide  still  containing 
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sodiam,  which,  by  roasting,  is  converted  into  oxide  of  iron,  sodainduttnf. 
sulphate  of  sodium,  and  sulphurous  anhydride : 

Fe4NaeS,+20H-2COa=2Na^C03+Fe4Na,S3;  B^^S^^vr^t 

Fe4Na2S3+  140=2Fe203+Na2S04+2S02.  *^ 

This  method  was  abandoned  after  i  t  was  found  to  be  unable    UnaWe  to  com- 
to  successfully  compete  with  Leblauc's  process.    This  proc-  Kmc's  process, 
ess,  so  admirable  from  a  theoretical  point  of  view,  is  de- 
fective in  one  essential  respe(*t,  which  is  that  it  entails  a    Dofeots. 
considerable  loss  of  sulphur,  which  escapes  in  the  course  of 
the  operation  in  the  form  of  sulphureted  hydrogen. 

The  evaporation  of  the  soda  lye  is  usually  effected  in  th?ISS2^e!*°  **' 
England  by  passing  over  it  the  flame  from  the  crude  soda    inEngiana. 
fnriiai;e.    In  Germany  it  is  not  customary  to  utilize  the 
flame  in  this  way,  on  account  of  the  deposition  of  impuri- 
ties in  the  soda.    In  France  and  Germany  it  is  now  usual  gJSmo^*^  *"^ 
to  accomplish  the  crystallization  in  comparatively  small  res- 
ervoirs— a  decided  saving  in  time  having  been  found  to  re- 
sult from  their  use. 

Thelen  has  introduced  for  the  purpose  of  evaporation  a  Tbdcn'tpUn. 
series  of  pans  consisting  of  long  halfc^  linders.  By  the  con- 
tinuous movement  of  an  axle — corresponding  to  the  axis  of 
the  cylinder — to  which  inclined  rakes  are  attached,  the 
salt  gathering  on  the  bottom  during  the  evaporation  is 
gradually  pushed  toward  one  end,  where  a  shovel,  continu- 
ously working  in  a  circle,  accomplishes  its  removal  fi*om  the 
pan. 

For  the  process  of  calcination  M«ctear  has  introduced  a   Mactoar's   re- 

'^  volviDgcalcinintc 

revolving  furnace  which  dispenses  with  the  exhausting  man-  furnace. 
ual  labor  hitherto  necessary  for  this  operation.  It  calcines 
weekly  100,000  kilos  of  soda,  an  amount  heretofore  de- 
pendent on  the  work  of  twelve  skilled  operatives.  Its  use 
is  said  to  result  in  a  saving  of  GO  per  cent,  in  labor  and  30 
per  cent,  in  fuel  as  compared  with  the  old  fixed  furnace. 

Regeneration  of  sulphtir  from  soda  waste.  ^^  SipSar^lronl 

soda  waste. 

The  method  for  regenerating  the  sulphur  contained  in  the 
residues  from  the  lixiviation  of  ball-soda  are  now  so  perfect, 
and  are  being  so  widely  extended,  that  they  afford  one  of 
the  most  striking  examples  in  modern  t^»chnical  chemistry 
of  the  utilization  of  a  waste  product  loading  the  air  with 
noxious  gases  and  long  considered  as  worthless. 

With  the  present  ,ierfection  ot*  the  processes,  the  greater   Nearly  perfect 
part  of  the  sulphur  in  the  pyrites  used  in  the  manufacture  ohur "in  a  pure 
of  acid  for  the  alkali  industry  finally  enters  commerce  in  a  **™' 
pore  form,  after  having  passed  from  the  form  of  sulphide  of 
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Soda  indu$trv.  iron  successively  through  those  of  sulphurous  anhydride, 

of  Mj^^hSrTSMn  s^^P^'^^®  ^^j  sulphate  of  sodium,  sulphide  of  calcium,  and 
soda  waste.        polysulphides  or  hyposulphite  of  calcium. 

The  following  methods  of  regeneration  are  now  in  vogue: 

Mond'smethod.  Mond?8  method. 

The  residues  are  oxidized  by  the  passage  of  a  current  of 
air  through  the  mass.  When  the  oxidation  is  so  far  ad- 
yanced  that  the  lyes  contain  1  molecule  of  hyposulphite  to 
2  molecules  of  sulphide,  the  sulphur  is  precipitated  in  open 
yats  by  the  addition  of  hydrochloric  acid — 

20aS+ CaS203+ 6HC1 =30aCl2+ 4S  4-  SHjO. 
^^jchiiher'.  Schaffner'a  method. 

DMoription  of  The  air  is  allowed  to  act  for  seveml  weeks  upon  the  soda 
^^***^^^  waste  piled  in  heaps,  where  a  gradual  heating  of  the  mass 
takes  place,  with  the  production  of  polysulphurets,  and  fin- 
ally hyposulphite.  The  material  is  then  lixiviated  and  the 
residues  again  exposed  to  the  oxidizing  action  of  the  atmos- 
phere; another  lixiviatioD  followed  by  another  exposure;  and 
so  on  till  three  or  four  lixiviations  of  the  mass  have  been 
made,  practically  exhausts  it.  The  hot  chimney  gases  are 
passed  through  to  accelerate  the  conversion  of  the'  sulphide 
of  calcium  into  hyx)osulphite,  as  they  have  been  found  to  be 
well  adapted  for  the  purpose,  and  to  reduce  the  duration  of 
the  operation  from  several  days  to  eight  or  ten  hours.  The 
liquors  from  the  different  lixiviations  are  all  collected  in  one 
receptacle,  and  hydrochloric  acid  added,  which  precipitates 
sulphur  and  exi)els  sulphurous  acid — 

CaS,03+ 2HC1 = CaCl2+ 80,+ S + H2O. 

The  sulphurous  acid  is  caused  to  pass  through  solutions 
containing  polysulphides  of  calcium,  which  determines  a 
precipitation  of  a  part  of  their  sulphur,  leaving  the  remain- 
der in  the  state  of  hyposulphite,  ready  for  the  action  of  hy- 
drochloric acid — 

2CaSx+3SO,=2CaSs03+Sx. 


SobaAier  ft 


Schaffner  &  Helbig's  method. 


HelUg't  method. 

The  processes  adopted  and  used  for  the  past  fifteen  years 
for  the  recovery  of  the  sulphur  from  soda  waste  have  al- 
most universally  been  similar  to  those  described  above, 
and  based  on  the  same  principles.  They,  even  when  most 
successfully  practiced,  do  not  allow  of  more  than  50  to  60 
I>er  cent,  of  the  sulphur  contained  in  the  residues  to  be 
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recovered  as  such,  while  the  liine  and  the  remainder  of  soda  industry. 
the  solphar  forms  a  secondary  waste  product  which  is  not  ^  Beg^neration 

of  SQipiiiir  iroin 

utilized  at  all,  and  to  get  rid  of  which  is  expensive.  aoda  iraste. 

The  method  of  Schaffher  &  Helbig  has  for  its  object  the  SohaAier  a. 
recovery  of  practically  the  whole  of  the  sulphur  and  nme 
in  the  residues,  both  in  a  state  especially  adapted  for  reuse 
in  the  soda  industry.  It  is  based  principally  on  the  fact  (1) 
of  the  possibility  of  applying  the  chloride  of  magnesium  to 
the  decomposition  of  the  sulphide  of  calcium,  according  to 
the  following  equation : 

•    CaS+MgCl2+H20=CaCl3+MgO+H28 ;  Theory  of  th* 

and  (2)  by  the  reaction  which  takes  place  when  sulphureted 

hydrogen  and  sulphurous  anhydride  in  proper  proportions 

come  together,  resulting  in  the  production  of  sulphur  and 

water — 

2H2S+S02=3S+2H20. 

The  sulphurous  anhydride  taking  part  in  this  reaction  is 
derived  from  the  combustion  of  pyrites,  of  sulphur,  or  of  a 
part  of  the  sulphuieted  hydrogen  itself. 

The  inventors  state  that  they  have  discovered  a  means  of  ,  ^  Prevemtton 

of  the  fonnmtioii 

Obviating  the  formation  of  peutathionic  acid  and  other  sul  of  pentathionic 
phur  compounds  which  are  usually  produced  in  the  reaction 
between  sulphureted  hydrogen  and  sulphurous  anhydride, 
by  employing  solutions  of  chloride  of  calcium  or  chloride 
of  magnesium  as  solvents  for  the  gases. 

The  magnesia  resulting  from  the  reaction  of  chloride  of 
magnesium  on  sulphide  of  calcium  is  reconverted  into  chlo- 
ride by  means  of  chloride  of  calcium  and  carbon  dioxide-^- 

MgO+CaCl2+CO2=MgGl2+0aCO3. 

The  following  advantages  are  claimed  for  this  method :  AdvMita«ee  tf 
(I)  It  is  simple  and  safe;  (2)  the  treatment  of  residues  re- 
quires much  less  time  than  is  necessary  in  the  methods 
hitherto  employed  for  the  same  purpose;  (3)  the  expense 
for  labor  is  less  than  by  older  processes;  (4)  it  is  practicable 
to  recover  90  to  95  per  cent,  of  the  sulphur  contained  in  the 
waste,  against  50  to  60  per  cent,  by  the  usual  means  ;  (5)  70 
to  75  per  cent,  of  all  the  lime  contained  in  the  residues  are 
regenerated  in  a  proper  form  and  condition  to  be  used  again 
in  the  soda  fabrication;  and  (6)  the  total  expense  in  the 
regeneration  of  sulphur  is  much  less  than  formerly. 

The  reader  is  refeired  to  the  accompanying  plates  for 
iigures  and  explanations  of  the  apparatus  for  the  regenera- 
tion of  sulphur  and  of  carbonate  of  lime  by  this  new  process 
of  Schaffner  &  Helbig. 
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Soda  induttry.   SCHAFFNER  &  HELBIG'S  METHOD  FOR  THE  REGENERATION 

OF  SULPHUR. 


Beffeneration 
of  sulphiir  from 
aodft  waste. 


BXPI^ANATION  OF  THB  PLATES. 
(The  same  letters  refer  to  the  same  parts.) 


Schaflher  St,  '^'  Funnels  oondnctini;  the  "waste"  into  the  sulphoreted  hydrogen  generator. 
Helbig's  method.  S*  X®*^  ^  *^S  disengagement  of  snlphureted  hydrogen,  with  stirrer. 

^  G.  Decomposer  for  the  roaolion  of  salphureted  hydrogen  and  sulphurons  acid. 

D.  Receptacle  for  the  precipitated  sulphnr,  with  stirrer. 

Machine  for  moving  sthfrers. 

Filter  for  the  snlphur. 

CiBtem  for  liquids  from  filter  F. 

Pamp  for  raising  the  solntions  to  the  reservoir  for  the  decomposer. 

Keservoir  sormountinfl:  decomposer. 

Cylinder  provided  with  stirrer  for  ftising  the  sulphur. 

Machine  lor  moving  stirrer. 

Settling  vessel  for  sooriiB,  with  stirrer. 

Mauliine  fur  moving  stirrers  in  B  and  C  and  the  screw  in  A. 

Beservoirs  for  magnesia  and  chloride  of  calcium,  with  stirrer. 
P.  Pumps  for  raising  solutions  of  cloride  of  calcium  with  magnesia  into  the  carboii- 
ators. 

Carbonators. 

Settling  vensels  for  carbonate  of  lime. 

Filters  for  the  carbonate  of  lime. 

Cisterns  for  solutions  of  chloride  of  magnesium  coming  from  the  carbonate  ol 
lime  settling  vessels. 
U.  Cistern  for  the  wash-waters  firom  chloride  of  magnesium, 
y.  Pump  for  ndsing  solution  of  chloride  of  magnesium  to  the  reservoirs. 
W.  Beservoirs  for  the  solution  of  chloride  of  magnesium. 

BaUway  for  the  transport  of  "waste." 

Screw  for  charging  "waste"  through  the  funnels. 

Conducting  tubes  for  the  sulphureied  hydrogen. 

Entrance  tubes  for  the  salphureted  hydrogen  into  the  decomposers. 


£. 
F. 
G. 
H. 
J. 
K. 
L. 
M. 
N. 
O. 


s. 

T. 


Description 
the  plates. 


of 


a. 
aK 

h. 
6> 
6». 

61. 
0%. 

d. 
di. 
d«. 

s. 


t 

At. 

ii. 


mi 


Entrance  tubes  for  the  sulphurous  ocid  into  the  decomposers. 

ommunication  of  the  decomposers  with  the  chimney. 

I  Conduit  tubes  to  the  decomposers. 

.    Trough  for  draining  off  liquid  holding  prectoitated  sulphnr  to  the  settling  Tmsnln 
si.  Communication  between  the  settling  vesaeu. 
•i.  Bevel-wheels  to  stirrers  of  settling  vessels. 
/•.  Tubes  for  drawing  the  snlphur  on  the  filters, 
/i.  Overflow  pine  of  the  settling  vessels. 
ft.  Stop-cocks  for  drawing  off  lUtcred  liquors. 
/$.  Utop-cocks  for  di-awiug  of  contents  or  Alters. 
g\.  Trough  for  liquid  running  from  settling  vessels. 

Trough  for  the  contents  of  the  sulphur  filter. 

Tube  for  nspirator  or  pump  H. 

Tube  for  filling  tank  surmounting  decomposers. 

>  Tubes  for  distributing  the  solution  from  J  to  the  decomposers. 

k.  Boilrood  for  IransDort  of  sulphnr  to  melting  boiler. 

ki.  Trough  leading  on  water  fnm  the  sulphur-melting  boiler. 

ii:  I  (^2^g  I  Jor  sulphur-melting  boilers. 

Spout  for  arawing  off  mixed  liquors. 
Spout  for  drawing  off  settled  liqaors. 
iMscharge  for  reudues. 
Bailroaa  for  transport  of  residues. 
Shaft  of  machine  moving  the  charidng  screw  of  ftumels. 
Shaft  of  machine  moving  stirrers  m  vessel  for  disengagement  of  H8. 
Shaft  of  machine  moving  stirrer  in  settling  vessels. 
0.  Trough  for  distributing  the  lyes. 
pi.  Tube  of  aspirator. 
p».  Tobe  of  pump  for  raising  solutions  of  chloride  of  calcium  and  magnesia  to  oarbon* 

ators. 
q.  Carbonic  acid  conduit  from  blowing-engine. 

^'   I  Conduit  tubes  for  oarbonio  acid  leading  to  carbonators. 

r.  Discharge  pipe  for  carbonate  of  lime  to  settling  vessel, 
n.  Stop-cooc  n>r  drawing  off  chloride  of  magnesium  solution. 
n.  Trough  for  chloride  of  magnesium  lessives. 

Stop-^ock  for  drawing  off  tne  mud  from  filter. 

Bailroad  for  transport  of  carbonate  of  lime  to  the  driers. 

Pipes  for  the  strong  chloride  magnesium  lessives. 

Pipes  for  wash- waters  of  tho  filters. 

Trough  for  the  wash* waters. 

^  I  Pump  and  tubes  for  raising  solution  chloride  magnesium  fhmi  dstem  to  W. 
V.  Stop  oook  and  tabe  fbr  supplying  chloride  ^*c"^<""*  to  vessel  B. 


wnS* 
fll4. 


«i. 
Si. 
Ii. 
U. 


IMal.-  I 
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Krausshaat^s  method.  soda  induttry 

By  this  method  the  residues  are  exposed  to  the  action  of  ^^  ^^SS'frS 
Wiiter  out  of  contact  with  air.     Under  these  conditions  "^^  ^"^^ 
hydrate  of  lime  and  sulphydrate  of  calcium  are  formed. 
When  the  mass  is  then  exposed  to  the  action  of  the  air 
polysulphides  are  first  tbrmed  and,  later,  hyposulphite.    The     Krauaaiuuir't 
oxidation  is  interrupted  at  the  x>oint  where  the  lyes  contain  "** 
one  molecule  of  hyposulphite  and  one  molecule  of  sulphy- 
drate to  two  molecules  of  sulphite  of  calcium,  and  hydro- 
chloric acid  added  precipitating  the  sulphur  and  causing  no 
disengagement  of  sulphureted  hydrogen.  '  The  process  is 
continuous,  acid  and  lye  entering  at  the  bottom  of  a  heated 
reservoir  and  sulphur  flowing  off  at  the  upper  part. 

Maotear^s  method,  ^cteM'tmeth- 

In  this  method  use  is  made  of  the  liquor  obtained  by  the  Three  modifl. 
natural  drainage  of  accumulated  heaps  of  soda  wast«.  There  **"**^ 
are  three  modifications  of  it:  (1)  A  small  quantity  of  lime 
is  added  to  the  liquors  and  sulphurous  anhydride  is  intro- 
duced. The  solution  is  then  decomposed  by  hydrochloric 
acid  at  60o  C.  While  the  results  are  good,  it  is  difficult  to 
completely  avoid  the  evolution  of  sulphureted  hydrogen. 
(2^  The  modification  in  successful  operation  during  the  past 
five  years.  An  aqueous  solution  of  sulphurous  acid  ob- 
tained from  pyrites  or  regenerated  sulphur  is  added  to  the 
yellow  liquors,  and  the  mixture  is  decomposed  by  a  stream 
of  hydrochloric  acid  in  a  decomx>osing  vessel  at  62°  C.  A 
plant  costing  $10,000  gives  a  yield  of  thirty -five  tons  weekly 
at  a  cost  of  about  $15  per  ton.  (3)  For  very  weak  liquors, 
a  solution  of  bisulphite  of  lime  in  sulphurous  acid  is  used, 
the  bisulphite  being  obtained  from  old  waste  heaps.  Mac- 
tear  finds  it  more  economical  to  use  hydrochloric  acid  for 
the  regeneration  of  sulphur  than  in  the  manufacture  of 
bleaching  powder.  The  sulphur  obtained  by  all  these 
methods  is  purified  by  Schaffher's  process,  viz,  fusion  in 
steam  at  a  pressure  of  1^  atmospheres.  As  executed  in 
Schaffher's  own  works  this  process  gives  a  regenerated  sul- 
phur the  exact  appearance  of  the  Sicilian  article,  and  trees 
it  from  the  odor  of  sulphureted  hy<irogen  hitherto  dinging 
persistently  to  sulphur  obtained  by  these  processes  of  re- 
generation. 

Proposes  to  fuse  soda  waste  with  silica  in  a  current  of  air, 
obtaining  thereby  sulphurous  and  sulphuric  acid,  together 
with  silicate  of  lime. 
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Soda  indfu^ry.  Ammoniorsoda. 

pr^^b^KJB^     The  ability  of  this  new  method  of  soda  manufacture  to 
\-»y  of  Belgium,  maintain  its  existence  and  successfully  complete  with  the 

Jjeblanc  process  can  now  be  regarded  as  fiJly  settled,  al 

though  more  than  once  since  the  recognition  accorded  to 

the  unbounded  ingenuity  and  perseverance  of  B.  Solvay  at 

Belgium,  in  1873  doubts  have  been  expressed  by  leading 

authorities  as  to  its  eventual  success. 

wu?tbffS!SS2     When  this  process  shall  have  become  possessed  of  a  fund 

fupen^ethoi^  ^^  experience  as  ample  as  that  on  which  the  Leblanc  process 

biaao  process.     j[g  based,  it  is  scarccly  to  be  supposed  that  the  latter  will  be 

able  longer  to  maintain  its  existence.  Still,  the  amount  of 
experience  underlying  the  new  method  is  by  no  means  small. 
The  natnie  of  The  sim])licity  of  the  fundamental  reaction  in  the  manu- 
facture— the  decomposition  of  common  salt  in  solution  by 
bicarbonate  of  ammonium  into  insoluble  bicarbonate  of 
sodium  and  chloride  of  ammonium,  and  the  regeneration  of 
the  ammonia  by  treatment  with  lime — as  contrasted  with 
the  cycle  of  reactions  involved  in  Leblanc's  process,  attracted 
the  attention  of  technical  chemists  long  since.  As  early  as 
1838,  the  method  was  patentod  in  England  by  Dyar,  Gray, 
Harrison,  and  Hemming.  The  great  expex^tations  then 
harbored  of  a  revolution  in  the  soda  manufacture  were. 
The  history  of  howcvcr,  not  realized.    Subsequently  extensive  experiments 

ciM  i&Tentioii. 

were  made  by  Deacon  and  by  GDSsage  at  Widnes  (1855) ; 
by  Bowker  at  Leeds,  and  by  Muspratt  at  Newton,  in  En- 
gland; by  Schlosing  and  Holland  at  Puteaux  (1855);  by 
Turk  at  Nancy  (1854);  by  Nickles  at  Nancy  (1865);  by 
Margueritte  and  Lourdeval  at  Paris  (18G6),  in  France ;  and 
^^^  Partis!  sac  at  Vilvordc,  iu  Belgium  (1842).     Failure  attended  all  of 

these  attempts  with  the  exception  of  that  of  Schlosing  and 

Holland,  which  from  other  circumstances,  however,  was 

short  lived,  chiefly  on  account  of  the  imperfections  of  the 

Difficniues  en-  apparatus  used.    Simple  as  are  the  reactions  occurring  in 

eoonomicai  ezo-  the  proccss,  their  economical  execution,  and  especially  the 

ont^y  sbDp^  avoidaucc  of  a  loss  of  the  costly  reagent  ammonia,  demanded 

process.  apparatus  of  a  very  much  more  complicated  character  and 

esact  adaptation  than  had  hitherto  been  requisite  in  soda 
manufacture.  It  is  in  the  invention  and  perfecting  of  the 
Eventoai  sac  apparatus,  and  the  skillful  and  satisfactory  combination  of 

iss  of  Solvftv.        *  *•  7  «. 

* '  the  many  necessar>'  parts  of  it,  that  has  enabled  Solvay  to 
carry  to  a  successful  issue  this  simple  (in  theory)  process. 
The  experiments  commenced  by  him  in  1861,  and  carried  on 
with  no  slight  outlay  of  capital  before  nttainiug  a  degree  of 
perfection  insuring  financial  success,  are  still  being  ardently 
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prosecuted,  each  year  witnessing  some  new  change  or  jid-  ^^>^  induttry. 
dition,  most  of  which  aim  at  reducing  the  loss  of  ammonia  j^^®"*^*"****^ 
to  a  minimum. 

As  now  established  in  the  works  of  Solvay,  the  decompo-  ProceBsodopted 
sitiou  of  the  salt  in  solution  is  effected  in  vertical  cylinders  works.*       ^*^ 
12  to  18  meters  in  height,  into  which  the  carbonic  acid  is  ad- 
mitted under  a  pressure  of  1 J  to  2  atmospberes.    The  great 
advantages  of  this  process  are :  (1)  A  single  innoxious  by-prod-  tbo'pnlJ^Jf**  **' 
net — chloride  of  calcium;  (2)  tlie  production  of  a  carbonate 
of  soda  almost  perfectly  pure.    With  regard  to  this  latter 
point  it  seems  probable  that  th(5  combination  of  Hargreaves's 
sulphate  with  Mactear^s  decomposition  process  is  destined 
to  yield  a  product  but  little  inferior  to  that  obtained  by  Sol- 
vay.    The  chief  objections  still  urged  against  the  process    otueouons: 
are :  (1)  The  loss  of  ammonia.    This  loss,  which  amounts  to    lou  of  ammo- 
scarcely  1  per  cent,  of  tlie  weight  of  soda  obtained,  is,  how-  "^ 
ever,  fairly  balanced  by  the  saving  in  another  nitrogenous 
substance — nitrate  of  sodium — of  which   such  enormous 
quantities  are  consumed  yearly  in  the  manufacture  of  sul- 
phuric acid  required  for  Leblanc's  process.    (2)   The  old^jjjj^jj^^ 
process  possessed    certain   advantages    in    allowing  the  3*  ^^y^tau,  etc., 

t  Mr  o  o  fi^m   cheap  neo- 

preparation  of  caustic  soda,  soda  crystals,  etc.,  from  sec-  ondary  products, 
ondary  products  of  but  slight  value.    In  this  connection 
Solvay  believes  that  there  is  no  demand  for  soda  crystals 
otherwise  than  on  account  of  the  purity  guaranteed  by  their 
appearance,  while  soap  manufaciturers  and  others  who  use 
caustic  soda  require  it  almost  invariably  in  solution,  and  will 
recognize  that  it  is  more  economical  to  meet  their  wants  by 
rendering  solutions  of  carbonate  of  soda  caustic  in  their  own 
establishments,  thereby  saving  the  cost  of  preparing  the 
solid  caustic  soda  necessary  for  the  transport.    (3)  The  pro-  doeanoufewihy! 
cess  does  not  yield  hydrochloric  acid,  the  important  by- droohiorlc  acid, 
product  in  Leblanc's  process.     With  regard  to  this  objection, 
Solvay  is  sanguine  of  Anally  perfecting  a  method  for  utiliz- 
ing the  chlorine  originally  present  in  the  salt  used.    The 
processes  already  patented  by  him  involve  the  preparation 
of  hydrochloric  acid  by  heating  chloride  of  calcium  with  ^raS^f  b^SrS^ 
silicic  acid,  alumina,  or  simply  clay  in  the  presence  of  aque-  chiodc  acid  and 
ous  vapor,  and  the  preparation  of  chlorine  by  substituting 
in  the  above  reactions  a  current  of  dry  air  for  aqueous  va- 
por.   The  residual  aluminates  or  silicates  can  be  used  for  the 
preparation  of  hypochlorites  by  exposure  to  chlorine  in  a 
moist  state,  yielding  at  the  same  time  precipitated  silica  or  the  waato.  ° 
alumina ;  or  can  replace  lime  and  magnesia  in  the  regenera- 
tion of  ammonia,  forming  the  resultant  chlorides,  likewise 
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Soda  industry,  giiie^  and  alumina,  which  can  be  repeatedly  used  for  this 
purpose 

onia-soda 
process. 


Ammoninrsoda  Schmidt  givcs  the  following  as  the  necessary  proportions 
for  the  production  of  100  kilos  of  soda,  when  the  process 
is  carried  out  on  a  lar^e  scale : 

Kilos. 

Proportions  of  Salt 180-200 

matemls  for  100  ri»»i  inc; 

kilosofsodA.        ^^^^ ^^° 

Coko 23 

Sulphuric  acid 1 

Limcstono 80 

Sulphate  of  ammonium 5 

Cost  of  manu-     The  cost  of  manufacturinfi:   soda  in  Solvay's  works  at 

filotare  at  Nancy.  ^ 

Nancy  is  stated  on  good  authority  to  be  less  than  $20  per 
ton. 
^^^E^osof^eam-     j^^  ammouia-soda  is  now  in  constant  demand  by  ultra- 
marine works.    It  is  also  in  high  favor  with  glassmakers, 
the  dissatisfaction  with  the  vohiminous  character  of  the 
product  first  placed  on  the  market  having  caused  the  manu- 
facturers to  produce  a  denser  or  more  compressed  article, 
the^^a^^wh     Solvay's  process  is  now  in  successful  operation  in  the 
^Bisvo^^ in  mother   estiiblishment   at    Couillet,   Belgium,    producing 
Franco.  7,500,000  kilos  annually;  in  the  French  branch  at  Verang^- 

ville-Dombsisle,  which  turns  out  20,000,000  kilos  yearly, 

where  the  productive  capacity  is  shortly  to  be  doubled ; 

England.  and  iu  the  two  English  establishments  of  Bruuuer,  Mond 

&  Co.,  at  Northwich  and  Sandback,  yielding  13,000,000 
kilos  yearly ;  making  a  total  of  40,500,000  kilos  annually, 
corresponding  to  46,000,000  kilos  of  ordinary  soda.  In 
Donmark.  Denmark  there  are  one  or  two  establishments  in  opera- 
tion or  starting.  Large  works  erected  at  Kasan,  in  Eussia, 
a  few  years  since,  have  failed  fh)m  lack  of  careful  manage- 
ment. The  same  may  be  said  of  several  attempts  made  in 
Germany.  There  are,  however,  in  the  latter  country  at  least 
two  establishments  now  producing  ammonia-soda,  although 
the  methods  are  not  exactly  the  same  as  that  used  by  Sol- 

ocaa^iSf  sohJSei  v*>'-    ^^^  ^^  thesc,  at  Sclialkc,  in  Westphalia,  makes  use  of 
in  Westphalia;    j^  process  uot  yet  described.    The  soda  there  produced  con- 
tains 98.9  per  cent,  of  carbonate  and  0.73  per  cent,  of  water— a 
purity  as  high  as  that  obtained  at  Couillet.    M.  Honiguiann, 
and  at  Groveai-in  Grevcnbcrg,  near  Aix-la-Chai>elle,   has  manufactured 
^'  ammonia-soda  successfully  for  several  years  by  a  method  of 

manipulation  somewhat  diflferent  from  that  employed  by 
Solvay.  All  operations  are  performed  in  cylindrical  ves- 
sels. A  battery  of  six,  3  to  4  meters  in  height  and  the  same 
in  diameter,  furnish  a  daily  production  of  5,000  kilos.    The 
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material  used  for  constructing  the  cylinders  is  iron  plate  sodainduMinf. 
of  5  to  9  millimeters  in  thickness.    The  precipitation  of  the    Ainmcmi»«oda 
bicarbonate  is  effected  by  forcing  the  gases  from  a  lime  kiln  p«««^ 
(32  per  cent,  of  carbonic  acid)  through  a  series  of  three  cyl- 
inders containing  the  solution  of  ammonia  and  salt,  forming 
together  a  column  of  liquid  6  to  7  meters  in  height.    The       Honigman'a 
heat  arising  from  the  absorption  of  the  carbonic  acid  is  mod-  the  soway  pi^ 
erated  by  a  stream  of  cold  water,  so  that  the  temperature  *'***' 
does  not  rise  above  35°  C.    The  separation  of  the  bicarbon- 
ate from  the  solution  of  chloride  of  ammonium  is  eflfected  by 
powerful  centrifugal  filtering  apparatus,  and  regeneration 
of  the  ammonia  is  accomplished  by  means  of  the  waste 
steam  from  the  machine.     About  60,000  kilos  of  residual 
solution,  containing  12.5  i)er  cent,  of  chloride  of  ammonium 
and  2.5  to  3  per  cent,  of  carbonate  of  ammonium,  are  treated 
with  slaked  lime  daily  in  these  works.    The  soda  obtained 
contains  97.S  to  98.6  per  cent,  of  carbonate,  the  remainder 
being  water  and  chloride  of  sodium.    A  boiler  of  180  square 
meters  surface  supplies  the  necessary  steam  power  to  eflfect 
movements — pumping,  agitation,  etc. — of  the  liquids,  etc.,  in- 
volved in  a  daily  production  of  6,000  kilos  of  soda.    The 
luimber  of  operatives  necessary  to  turn  out  this  amount  of 
product  is  11  by  day  and  8  by  night,  while  a  contractor  with 
9  workmen  supplies  raw  material  and  removes  waste  prod- 
ucts.   Honigmann  consumes  the  following  quantities  of  raw 
materials  in  the  production  of  100  kilos  of  soda  on  the  scale 
above  described : 

Kilos. 

Salt 250       CoMumptioin 

n^«i  liic  o'  materials  Toer 

Coal 145  100  kilos  of  aoda 

Coke 35  produced. 

Limestone 100 

Chloride  of  ammonia  (lost) 6 

Snlphuiic  acid \ 

These  works  are  being  enlarged  to  a  daily  productive  ca- 
pacity of  30,000  kilos. 

The  carbonate  of  soda  obtained  by  the  ammonia  process    Purity  of  the 
is  almost  absolutely  pure;  it  is  quite  free  from  causticity J^'^®^***^ 
and  contains  a  mere  trace  of  iron.    The  freedom  of  the 
product  from  iron  and  from  sulphate  of  sodium  renders  it 
especially  applicable  in  glass-making,  and  its  use  is  very^^«forgiass. 
general  in  Belgium  and  England,  and  to  some  extent  in 
this  country  in  glass  works  making  the  finer  qualities  of 
crystal  and  plates.    Its  use  in  glass-houses  has  been  fol- 
lowed by  a  longer  wear  of  the  pots,  but  the  temperature  of 
the  furnace  has  to  be  kept  well  up. 
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Soda  induMtry.      The  following  is  a  statement  of  the  percentage  composi- 
Ammonia-aodo,  tion  of  a  Commercial  product : 

oumposition  of  a 

oomiDerclal  qnal- Water 0.147        0,147 

Silica  and  carbon 0.053 

Chloride  of  sodiom 0.064 

Oxide  of  iron 0.003 

Alumina 0.009 

Carbonate  of  calcium 0.071 

Carbonate  of  magnesium 0.021        0.221 

Carbonate  of  sodium ..   ..  99.632      99.632 


100.000 


CbanMin     The  most  important  changes  in  the  ammonia-soda  process 

the  ammonia-so-  m.  %=>  «. 

da  prooeaa.        are  the  following : 
Schmidt  com-     Schmidt,  in  Denmark,  combines  it  with  the  kelp  industry 

binea  it  with  the .  .'  .  '  -,  ..      ..  f  i.    •       ii. 

keipindnatry.     Ill  a  vcrj  ingeuious  manner.    From  the  liquors  obtained  by 
the  lixiviation  of  sea- weed  ashes,  the  sulphuric  acid  is  pre- 
cipitated very  exactly  by  the  addition  of  the  residual  chlo- 
ride of  calcium  solution  from  the  ammonia-soda  process. 
Iodine  and  bromine  are  next  precipitated  by  addition  of 
nitrate  of  lead.    In  the  filtrate  the  chloride  of  potassium 
present  is  changed  into  nitrate  by  the  addition  of  nitrate  of 
sodium,  and  separated  by  crystallization.    The  residual  so- 
lution of  chloride  of  sodium  is  then  well  adai>ted  for  the 
ammonia-soda  ]>rocess. 
rSfuatea^bT     '^^  Grousillicrs  has  devised  a  method  for  precipitating  the 
dinm°b^  J^JI^  bicarbonate  in  dilute  alcohol,  which,  by  means  of  apparatus 
aioohoL  invented  by  W.  Siemens,  has  been  introduced  into  Kun- 

heim's  works  at  Berlin.    It  is  based  on  the  fact  of  the  al- 
most total  insolubility  of  the  bicarbonates  of  soda  or  potash 
in  dilute  alcohol,  and  the  ready  solubility  of  the  alkaline 
chlorides,  of  ammonia,  and  of  carbonic  acid  in  the  same 
menstruum.    The  apparatus  consists  of  a  cylinder  contain- 
ing alcohol  of  36  per  cent.,  into  which  pulverized  salt,  am- 
monia, and  carbonic  iicid  are  introduced.    The  reaction  is 
hastened  by  stirring,  and  on  completion  the  precipitated 
bicarbonate  is  filtered  off  and  the  residual  liquor  tix^ated 
with  lime,  regenerating  the  alcohol  and  the  ammonia.    The 
losses  of  ammonia  and  alcohol  referred  to  the  weight  of  soda 
produced  are  respectively  0.01  per  cent,  and  0.1  per  cent. 
AdTantaRoa.    The  advantages  claimed  for  the  process  are :  Smallness  of 
apparatus  in  comparison  with   its  productive  capiicity,  a 
minimum  of  manual  labor,  and  the  slight  loss  of  ammonia 
involved. 
meSSfof^ofd^     Scherbaschcff  proposes  to  avoid  the  formation  of  bicar- 
^^«^™^bonate  of  sodium  in  the  ammonia  process  by  taking  advan- 
ate  of  aodiam.     tagc  of  the  fSetct  that  whcu  carbonate  of  ammonium  is  added 
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to  a  solution  of  chloride  of  sodium  at  00°  to  70^  C,  the  salt,  Soda industry. 
represented  by  the  following  formula — ^Na2C03+H20 — is    Ammonia sodA. 
precipitated. 

An  interesting  modification  of  the  principle  underlying 
this  process  has  been  introduced  by  G.  T.  Gerlach,  of  Kalk,    Geriacb's  pro 
Westphalia,  in  which  the  manufacture  of  soda  is  rendered  to  the  prodaction 

_         -  of  ammonia  salts 

subsidiary  to  the  production  of  ammonia  salts  from  gas  from  gas  water. 
water.    It  is  essentially  as  follows : 

A  concentrated  solution  of  carbonate  of  ammonium  is 
prepared  by  the  distillation  of  giis  wat^r,  and  in  this  an    Nature  of  the 
equal  quantity  of  salt  is  dissolved.    Carbonic  acid  is  intro-  p™^"' 
duced  until  the  precipitation  of  bicarbonate  of  soda  ceases, 
when  the  latter  is  separated  from  the  liquid  by  means  of  a 
centrifugal  filter.    The  filtrate  contains  carbonate  of  ammo- 
nium, which  is  obtained  by  distillation,  and  chloride  of  am- 
monium and  undecomposed  chloride  of  sodium,  which  are 
easily  separated  from  each  other  by  crystallization.    The 
chief  peculiarities  of  the  method  are  the  economical  utiliza-    Peculiarities  of 
tion  of  gas  water,  including  the  carbonic  a<5id  there  present ;    ^  ™® 
the  absence  of  by-products,  as  well  as  of  the  loss  of  salt  un- 
avoidable in  the  Solvay  process,  and  the  loss  of  ammonia 
likewise  accompanying  the  same  process ;  the  saving  in  fuel 
effected  by  eliminating  from  the  process  the  constant  re- 
generation of  caustic  ammonia.    Gerlach  has  also  perfected 
methods  for  replacing  the  salt  hitherto  used  by  sodium  sul- 
phate or  nitrate,  obtaining  thereby,  with  sodium  carbonate, 
sodium,  sulphate,  or  nitrate. 

Ingenious  and  economical  as  this  method  is,  it  must  not    Limitations  of 
be  forgotten  that  the  supply  of  gas  water  is  limited.    From    ^  p"**^^**- 
statistics  gathered  in  1873,  it  is  estimated  that  25,000,000,000 
kilos  of  coal  are  consumed  annually  in  gas  works.    As  100 
kilos  of  coal  yield  on  an  average  0.3  kilo  of  ammonia  among    Yield  of  ammo 
the  products  of  distillation,  the  total  annual  yield  of  this  body  coai.^*^' 
from  this  source  is  75,000,000  kilos.    This  quantity,  accord- 
ing to  Gerlach's  method,  would  furnish  the  basis  for  a  pro- 
duction of  but  230,000,000  kilos  of  soda,  an  amount  but  lit- 
tle over  a  quarter  of  the  production  of  Great  Britain  alone,    calculation  of 
It  is  therefore  evident  that  while  this  method  may  be  advan-  tnm  thissonroe. 
tageously  pursued  in  combination  with  the  production  of 
ammonium  salts,  the  limited  quantity  of  the  latter,  as  well 
as  the  impossibility  of  bringing  more  than  a  fraction  of  the 
gas  water  produced  within  reach  of  the  manufacture,  will 
prevent  it  from  assuming  dimensions  of  any  great  magni- 
tude. 

A  similar  modification  of  the  ammonia-soda  manufacture   ciaus  &  woi- 
is  proposed  by  Glaus  &  Wallace,  in  which  the  preparation      "  i»"*<^**^ 
4  P  K ^VOL  4 
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sodainduttry.  ^f  yoda  plays  a  subordiimry  part  to  the  puriflcatiou  of  illu- 
Ammt»Diai«oda.  mliiatiDg  gas.    CaiistJc  amiuoiiia  iu  n  Heries  of  scnibberM  is 
ciaiw  &  wai-  used  for  the  entire  purification  of  gas  issuing  from  the  re- 
uce  8  process,     ^orts.    The  arrangeDieutii  are  such  that  the  gas  ou  entering 
the  series  encounters  first  a  sohition  in  which  the  ammonia 
is  neaily  saturated  with  carbonic  acid,  and  passes  succes- 
sively through  weaker  and  weaker  solutions.    The  saturated 
solutions,  after  concentration,  are  mixed  with  salt  solutions, 
and  the  usual  decomposition  is  effected  with  the  carbonic 
acid  resulting  from  the  calcination  of  bicarbonate.     The 
Advautagcs.    regencnitiou  of  the  ammonia  is  accomplished  by  means  of 
lime  as  usual.    By  this  combination  of  the  two  processes  a 
single  operation  suilices  to  purify  the  gas,  utilize  its  car- 
bonic acid,  avoid  the  preparation  of  carbonate  of  ammonia 
otherwise  incident  to  the  manufacture  of  soda,  and  avoid 
the  production  of  any  useless  by-product  other  than  the  chlo- 
ride of  calcium,  which  is  harmless  and  easy  to  remove.    By 
this  method  it  is  estimated  that  the  coal  consumed  in  gas 
works  would  yield  4  i)er  cent,  of  its  weight  of  refined  soda. 
Possible  week-  The  gas  works  of  London  would  yield  about  1,200,000  kilos 
oir  \he  houaon  of  soda  weekly.    Taking  the  above-mentioned  estimate  of 
jsM  wor  ».         ^^^  entire  annual  consumption  of  coal  in  gas  works,  viz, 
25,000,000,000  kilos,  as  a  basis,  it  is  evident  that  the  intix) 
duction  of  this  process  would  permit  the  i)roduction  in  con- 
nection with  gas  manufacture  of  1,000,000,000  kilos  of  i)ure 
soda  aimually,  an  amount  equal  to  the  united  product  of 
France  and  England. 

The  techni(;al  realization  of  this  plan  will  be  looked  for, 
therefore,  with  no  slight  degree  of  interest. 


xow  soda  NEWLY  PBOPOSED   METHODS  FOR  THE  MANU 


mothods. 


FACTUKE  OF  SODA. 


In  no  branch  of  chemical  manufactui'e  are  so  many  novel 
and  original  propositions  bi*ought  forwanl  as  in  theprepai^a- 
tion  of  soda.  Apart-  from  the  modifications  of  the  methods 
already  in  use,  noted  as  above,  the  following  projects  may 
l>e  briefly  mentioned: 

c.TinceDT.  C.  Vluceut  proposcs  to  prepare  sulphide  of  sodium  by  the 
action  of  sul[>hide  of  barium  on  sulphate  of  sodium,  and 
change  the  sulphide  to  carbonate  by  the  action  of  carbonii? 
acid. 

E.  Davis.  E.  Davis  lieats  together  Khodondo  phosphates,  sulphate 

of  soda,  and  coal.  The  solution  obtaineil  by  lixiviation 
yields,  on  treatment  with  lime  or  chalk,  caustic  soda  or  the 
carbonate,  and  tricalcium  phosphate,  which  is  utilized  for 
superphosphates. 
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E.  Bohlig  makes  use  of  oxalate  of  inaguesiuin  as  the  means  ^^'^^  indtutry. 
of  conversion,  the  reactions  being  as  follows :  Proponoii  new 

methoilA. 

C204Mg-hHCl+NaCl=C204HNa+MgCl25  ^-  ^^"« 

C204HNa+MgC03=C204Mg+  NaHCOgj 
2NaHC03+ MgO = Na,C03+ MgC03+ H2O. 

The  chloride  of  magnesium  is  decomposed  by  heut  and 
steam  into  magnesia  and  hydrochloric  acid. 

Griineberg  &  Forster  treat  a  mixture  of  chloride  of  so-    Gruneiwrp    & 
dium  and  alumina  with  superheated  steam  at  a  red  heat. 
Hydrochloric  acid  escapes  and  the  resulting  aluminatt^  of 
soda  is  decomposed  by  lime  or  chalk. 

Thirion  has  introduced  a  process  into  France  by  which  Tiiirion. 
the  sulphate  of  sodium  is  heated  with  coal  and  silicic  acid. 
The  products  are  silicate  of  sodium,  sulphur,  sulphurous 
anhydride,  and  carbon  monoxide.  The  silicate  of  soda  can 
be  used  as  such  in  glass-making  or  changed  into  soda  or 
caustic  soda.  One-half  of  the  sulphur  is  regenerated,  and 
the  other  half,  in  the  form  of  sulphurous  acid,  utilized  for 
the  manufacture  of  hydrosulphites. 

W.  Weldon  melts  sul[)hate  of  sodium  and  pours  it  on  red-  ^-  ^«^Won 
hot  cx)al.  The  carbonic  oxide  set  free  is  used  for  making 
bicai'bonate,  and  the  residual  sulphide  of  sodium  converted 
into  caustic  soda  by  the  action  of  steam,  or  into  bicarbon- 
ate by  passing  a  current  of  carbonic  oxide  through  the 
solution. 

Caustic  soda.  Caustic  soda. 

No  essential  changes  have  be^n  introduced  into  the  prep- 
aration of  caustic  soda,  either  in  the  extraction  from  the 
mother-liquors  of  soda  works  or  in  the  treatment  of  the 
carbonate  with  lime.  In  addition  to  the  proposed  methods 
above  noticed,  yielding  at  will  carbonate  of  sodium  or  caus- 
tic soda,  the  following  processes  have  been  jidvocated: 

Arrott  decomposes  a  mixture  of  salt  and  phosphate  of  iron 
by  steam,  condenses  the  hydrochloric  acid  evolved,  and  treats 
the  solution  of  phosphate  of  sodium  obtained  by  lixivia  tion 
with  lime. 

Lowig  heats  a  solution  of  aluminate  of  sodium  (or  pot- 
ash) with  slaked  lime,  obtaining  a  solution  of  caustic  alkali 
and  a  precipitate  of  aluminate  of  calcium,  from  which  hy- 
drated  alumina  is  easily  prepared. 

MANUFACTURE  OF  CHLORINE  AND  BLEACHING    chloric    and 

POWDER.  l^UacHinop^er. 

For  the  preparation  of  chlorine  no  new  methods  have 
been  introduced  daring  the  past  five  years.    Solvay's  pro 
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bJ^Sdi^powd^f.  P^®^^  P^^^  ^^^  ^^^  formation  of  chlorine  from  the  residual 
chlorides  of  the  ammonia-soda  process  has  not  yet  been 
technically  realized.  The  two  methods  now  prevalent  are 
those  of  Weldon  and  of  Deacon  &  Hurter,  both  introduced 
about  ten  years  since. 
Weldon  11  pro-  Wcldou's  proccss,  the  invention  of  which  was  incited  by 
the  rapid  diminution  in  the  natural  supply  of  peroxide  of 
manganese,  resembles  greatly  the  ammoniarsoda  process, 
the  stock  of  i>eroxide  of  manganese  in  use  being  constantly 
regenerated,  and  chloride  of  calcium  remaining  as  a  waste 
product.  It  has  not  been  materially  modified  of  late,  and 
consists  simply  in  the  addition  of  lime  to  the  residual 
Description  of  liquors  after  the  treatment  of  the  peroxide  with  hydrochloric 
the  process.  acid,  whilc  a  strong  current  of  cold  air  is  blown  through  the 
liquid.  The  precipitated  hydrate  of  manganous  oxide  is 
thus  oxidized  to  the  state  of  peroxide,  and  obtained  in  the 
form  of  calcium  manganite,  CaMnOs,  or  of  a  combination 
of  1  molecule  of  lime  and  from  1  to  2  molecules  of  peroxide 
of  manganese,  in  which  forms  it  is  ready  for  repeated  treat- 
Thc  present  fa-  mcut  with  hydrochloric  acid.  TVeldon's  process  is  now  used 
mn  .  ^^^  ^^^  preparation  of  most  of  the  bleaching  powder  made 
in  England,  and  is  widely  used  on  the  Continent,  most  of 
the  French  works  ha^^ng  introduced  it  within  three  or  four 
years. 
Difflcoitics  in  It  occasioually  happens  during  the  oxidation  of  the  man- 
or^ th^oiwo  ^ganous  oxide  that  instead  of  becoming  black  the  mixture 
tTfongMieM).  presents  a  brown  or  reddish  color,  owing  to  a  transforma- 
tion of  the  oxide  into  the  g  oxide — Mn304 — instead  of  per- 
oxide, Mn02.  This  incomplete  oxidation  takes  place  when 
the  insufflation  of  air  is  too  rapid  and  strong  before  the 
addition  of  the  lime  or  when  too  little  of  that  substance  is 
employed.  Ko  convenient  remedy  has  as  yet  been  discov- 
ered for  this  accident,  and  it  is  found  to  be  necessary  to 
redissolve  the  whole  precipitate  in  hydrochloric  acid  and 
recommence  the  operation  of  regeneration.  Sometimes,  on 
account  of  insufficient  force  in  the  stream  of  air  from  the 
blowers,  or  when  a  great  excess  of  lime  has  been  added,  or 
the  temperature  of  the  manganese  residues  is  too  high,  the 
precipitate  consisting  of  the  oxide  of  manganese  and  lime 
becomes  thick,  accumulates  in  masses,  and  is  practically  im- 
pervious to  the  incoming  current  of  air.  When  this  acci- 
dent happens,  it  is  always  at  the  beginning  of  the  operation, 
and  the  current  of  air  finds  difficulty  in  making  its  way 
through  the  mass  and  finally  stops.  In  order  to  remedy  this 
inconvenience  an  additional  amount  of  cooled  manganese 
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liquors  must  be  added  and  the  blowing  appai*atu8  urged  to  ^j^-^j^^ 
its  fullest  extent. 
Jetzler's  improvement,  introduced  in  1874,  is  in  isatisfac-    Jetzier*  meth 

od  of  rcgcnerut- 

tory  operation  in  a  Swiss  and  a  German  establishment.    It  ing  tuo  oxido  of 
consists  in  the  use  of  a  current  of  hot  air,  rendering  the 
oxidation  more  complete,  and  giving  to  the  regenerated 
peroxide  a  powdery  character,  so  that  it  can  be  used  in  the 
old-style  apparatus  for  the  disengagement  of  chlorine.  ^j^^  Douiop 

The  two  precursors  of  Weldon's  process — the  methods  of  ^^^^^^^^^'^^ 
Dunlop  and  Hofimann — although  still  in  operation,  have 
never  been  introduced  into  works  outside  of  those  in  which 
they  originated.  In  the  great  works  of  St.  Kollox,  where 
Dunlop's  method  was  employed,  a  Weldon  apparatus  has 
been  erected  to  supply  a  portion  of  the  chlorine  needed. 

While  Weldon's  process  aims  at  a  constant  regeneration 
of  the  substance  necessary  to  effect  the  decomposition  of 
hydrochloric  acid.  Deacon  &  Hurter  seek  to  replace  the^^J^^IJ^g^^^ 
whole  cycle  of  chemical  operations  involved  in  the  use  of 
peroxide  of  manganese,  and  its  subsequent  regeneration,  by 
simply  passing  a  mixture  of  aii*  and  hydrochloric  acid  gas 
over  a  catalytic  substance.  According  to  their  method,  the  tb?5f»rooSi^°  °' 
mixture  of  air  and  hydrochloric  acid  gas  issuing  from  the 
sulphate  furnaces  of  the  soda  works  is  conducted  through 
tubes  heated  to  about  400o  C,  and  filled  with  porous  bricks 
which  have  been  satunited  with  sulphate  of  copper.  The 
ensuing  decomposition  into  aqueous  vapor  and  chlorine  re- 
sults Irom  the  well-known  property  of  copper  salts  to  yield 
up  oxygen  to  other  compounds  (while  renewing  their  supply 
from  the  air),  and  from  the  partial  decomposition  of  hydro- 
chloric acid  and  air  etfected  by  contact  with  porous  sub- 
stances. This  process  is  theoretically  so  simple,  and  gives 
such  satisfactory  results  when  first  installed,  that  it  was 
regarded  as  destined  to  supersede  the  use  of  peroxide  of 
manganese,  and  it  was  introduced  into  twelve  English  and  c€h!od!'*but  not 
two  German  works.  As  in  many  other  technical  innova-J^JE*^*^*^"**^ 
tions,  it  was  soon  found  that  the  process  was  attended  with 
a  serious  imx)ediment.  Aftei*  the  lapse  of  a  few  months,  the 
porous  masses  lost  theii*  power  in  a  great  measure,  and  even 
entirely,  of  determining  the  dissociation  of  h.ydrochloric 
acid,  and  considerable  losses  were  incurred  in  consequence 
of  interruption,  delays,  and  changes  due  to  this  unforeseen 
obstacle.  In  a  majority  of  the  works,  where  the  method 
had  been  adopted  at  great  outlay  of  money  in  the  installa- 
tion of  the  apparatus  necessjiry  to  carry  out  the  process  on  ^  Generally  aban 
a  large  scale,  it  was  entirely  set  aside.  This  failure  to  meet 
the  expectations  based  on  the  otherwise  attendant  advan- 


54  UNIVERSAL    EXPOSITION    AT    PARIS,  1878. 

bi^d^iiTpoJdi^.^^^^^  ^^  ^^^  methoclled  to  a  careful  study  of  the  causes 
^^^^^^^^jj^^j.  iliniinisliin^  or  aiTestin^  tbo  catalytic  actiou  in  the  decom- 
u-r  pimcss.        poser.    The  chief  cause  is  found  to  be  the  presence  of  sul- 
phuric acid  in  the  hydrochloric  acid  gas  issuing  from  the 
sulphate  furnaces.    The  sulphates  formed  on  the  surfaces 
Causes  of  the  of  tlic  bricks  oftcr  a  mechanical  obstacle  to  the  action  of 

faUure. 

the  copper  salt,  and  the  sulphuric  acid  is  decomposed  by 
thi»  hot  sulphate  of  aluminum  into  water,  oxygen,  and  sul- 
phurous acid.  The  latter  is  oxidized  at  the  expense  of  the 
free  chlorine,  and  gives  rise  to  a  ctoutinuous  series  of  reac- 
tions, which  contribute  materially  to  lessen  tlie  amount  of 
chlorine  evolved.  Antimony  and  arsenic  are  likewise  found 
to  gather  on  the  bricks  and  exert  a  deleterious  inlluence  on 
the  reaction. 
Att^-mpis  t<.  Armed  with  the  results  of  these  investigations,  those  in- 
tica cited:  tcrcstcd  in  the  future  of  the  process  have  sought  to  over 

come  the  difficulties  mentioned,  as  in  the  analogous  case  of 
Winkler's  catalytic  reaction  for  the  manufactiu'e  of  sul- 

in  (ifrmany,  [jhuric  anhydride.  lla«enclever,  in  Germany,  seeks  to  eli'ect 
the  most  complete  i>ossible  condensation  of  the  sulphuric 
acid  in  the  gases  prior  to  their  entrance  in  the  decomposer ; 

In  England,  while  iu  English  works  the  apparatus  is  arranged  with  two 
decomposers,  one  of  which  is  in  operation  while  the  other  is 
being  recharged,  thus  preventing  an  interruption  in  the  con- 
tiuuity  of  the  operation.    By  these  means  it  has  been  found 

Fntaro  iwoba-  possiblc,  both  ill  England  and  Grermany,  to  bring  this  process 
to  a  point  of  exactness  and  regularity  insuring  its  technical 
success  in  the  future.  The  bleaching  powder  obtained  by 
its  means  possesses  35  per  cent,  of  effective  chlorine. 

Supply  of  po.     With  regard  to  the  supply  of  peroxide  of  manganese,  it 
rox^eo  """^sa- gj^^^ji^i  |^^  mentioned  that  extensive  deposits  of  a  rich  ore 

have  been  found  recently  in  the  north  of  Spahi  and  in  the 
ishnid  of  Mycone,  near  Syni. 
Mono-raphson     A  iiumber  of  pfipcrs  have  been  published  treating  of  the 
of bie5ichm«iM)w! subject  of  the  composition  of  bleaching  powder,  without, 

however,  settling  the  still  vexed  question  of  its  chemical 
formula,  and  an  elaborate  and  minute  study  of  all  the  phases 
in  the  preparation  of  this  article,  touching  a  number  of  ini- 
])ortant  physical  and  chemical  point^s,  has  been  contributed 
to  the  literatui^e  of  the  subject  by  Hurter. 

Br^ninr.  BROMINE. 

luinwum'  pro.     The  CDormous  quantities  of  bromine  produced  in  this 

diictiou    iu    the  ^         ,  x*      n  t    'j.  j       *.•         a' 

rnitc<i  States,    couutry  havc  pi'actically  suppressed  it^  production  from 

kelp  and  from  the  mother-liquors  of  the  Stassfurth  salines 
in  Europe ;  the  cheapness  of  the  American  product  hav- 
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ing  rendered  successful  competition  impossible.    Tbe  daily      Bromine. 
production  of  this  substance  in  Ohio,  Pennsylvania,  and    uniKd  states 
West  Virginia  is  put  down  lately  at  700  kilos.    For  expor-lapp?J^8^Eu" 
tatiou  and  ocean  transport  it  is  converted  into  bromide  ISfmk^ip.^k-.**" 
of  iron,  ships  refusing  to  take  the  liquid  bromine  on  board. 
The   demand    for    bromine   has   greatly    increased    since    incrra«Mi  uw- 

^t         f  A*  •  1-  X.     1        '^        J      •       ^'  J.       and  demand. 

the  discovery  ot  eosines,  bromated  niter  derivatives,  etc., 
coloring  matter  from  resorcine,  and  phtiilic  acid,  etc.  A 
number  of  propositions  have  lately  been  made  to  use  it  in 
the  extraction  or  metallurgy  of  gold,  mercury,  platinum, 
etc ,  in  chemical  analyses,  and  finally  as  an  oxidizing  agent 
in  the  preparation  of  phosphoric  and  arsenic  acids,  ferridcy- 
anide  and  permanganate  of  potassium.  H.  Hahn  obtains  n.  nnima pro. 
bromine,  when  pi*esent  in  but  small  quantities,  in  mother-  ^^^ 
liquors  of  salt  works,  as  follows :  Chloride  of  silver  is  dis- 
solved in  the  liquor,  which  is  afterwards  diluted  with  four 
timesits  weight  of  water,  letting  fall  a  precipitate  consisting 
of  chloride  and  bromide  of  silver,  which  is  used  repeatedly 
in  the  same  manner  until  it  is  sufficiently  rich  in  bromine, 
which  is  then  separated.    The  immence  production  of  bro-    Fail  m  price  to 

■1.  t    .  t  1        !>  ti  •      'j.  '       j^  one- twenty. fifth 

mine,  during  late  years,  has  caused  a  fall  m  it^  price  from  ur    its    former 
7.50  to  30  cents  per  pound.  ^^'*'' 


IODINE.  Iodine. 

The  serious  if  not  fatal  blow  inflicted  on  the  European    European  mim 
manufacture  of  bromine  by  the  rapid  development  of  its  ly  crippled  by 
production  in  North  America  is  fully  equaled,  in  the  case  of  titioir  ^  ^^^^ 
ioiline,  by  the  enormous  exportation  of  this  substance  from 
South  America,  where  it  forms  an  important  by-product  in 
the  nitrate  of  sodium  works.    Uitherto  the  manufacture  of 
iodine  was  confined  almost  entii-ely  to  Scotland  and  France,      scoub    and 
where  it  is  obtained  from  kelp ;  the  former  country  yielding  tur«  irom  kcip. 
50,000  kilos  annually,  the  latter  40,000  kilos.    The  nitrate 
of  sodium  of  Peru  contains  about  O.IG  per  cent,  of  iodine,     Proportion  oi 
and  is  capable  of  affording  an  annual  yield  of  900,000  kilos,  ruvian  nitrate  of 
As  its  sei)aitition  from  the  mother  liquors  in  the  form  of^***™* 
iodine  of  copper  is  attended  with  no  great  difficulties,  the 
appearance  of  the  Peruvian  ])roduct  in  the  European  mar- 
ket lowered  the  price  from  $20  to  $4  in  1870.    At  present    FaUtoono-flftu 
the  price  is  somewhat  higher  in  (iousequence  of  a  temporary  °^^**'™*^'^'^^**' 
arrangement  between  the  Scotch,  French,  and  Peruvian 
manufacturers.    There  is,  however,  but  little  probability  that 
the  European  manufacture  can  long  maintain  its  existence, 
and  at  present  a  number  of  the  works  are  at  a  standstill  in 
France,  the  country  where  iodine  was  discovered  and  where    iodine  diacov 
the  methods  of  its  extraction  have  been  so  carefully  elabo- 
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Iodine.       rated.    Despite  the  UDpromibing  prospects  for  the  kelp  iu- 

Frcuch  at-dustry,  stroiig  efforts  are  being  put  forth  by  the  French 

triS?o'tbeir  poS-  manufacturers  to  peifect  their  processes  to  such  an  extent 

that  competition  can  successfully  be  attempted  with  the 
South  American  product.  These  efforts  are  in  two  direc- 
tions: First,  in  the  selection  of  the  algae  used,  and,  secondly, 
in  the  process  of  extracting  the  iodine  contained  in  the 
Relative  yield  plauts.  With  regard  to  the  choice  of  sea- weed,  careful  analy- 
wecMis."*^  ^  ***"  ses  show  that  the  flojiting  red  varieties  of  Fucua  contain  the 

largest  amount  of  iodine.    Thus,  per  ton  of  ash — 

VvLcuB,  Fucus  digitalna  yields 10-28  kilos  of  iodine. 

Fucu8  8acchaiHntt8  yields 8-ld  kilos  of  iodine. 

Fucua  hulborua  yields 6       kilos  of  iodiuc. 

Aigw.  On  the  contraiy,  the  black  algae  growing  along  the  coast 

give  but  1  to  4.5  kilos  of  iodine.    The  quantity  of  iodine  in- 
creases also  with  the  slowness  of  the  growth,  and  the  more 

yorthoiTi  8ca.  northerly  the  region,  the  kelp  of  Scotland  being  richer  in 
pnMimiiv^c  ™  of  iodine  than  that  of  France.  In  the  treatment  of  tlie  sea- 
weed more  care  is  taken  in  the  drying,  the  incineration,  etc. 
Despite  its  manifold  advantages,  the  method  of  incinerating 
the  plants  in  furnaces  has  not  yet  been  extensively  intro- 
duced, the  cost  of  fuel  and  transport  to  the  furnaces  gener- 
ally standing  in  the  way  of  its  practical  realization.     For  a 

stonfonVs  pro-  uumbcr  of  years  it  has  been  carried  on  by  Stanford,  of  Glas- 
*^***'  gow,  who  utilized  the  residujil  coal  after  lixiviation  as  a  de 

Giaizat.  Pel-  odorizcr.    Glaizat  and  Pellieux  and  Maz6-Launay,  in  France, 
Laamiy.  havc  likewise  made  attempts  to  introduce  modifications  of 

the  method  of  dry  distillation,  which  are  still  in  operation  on 

Hcriand.  a  limited  scale.  Herland  extracts  the  salts  from  algae  by  en- 
dosmose,  immersing  the  plants  in  lime- wat^r.    By  this  ])roc- 

sohmidt.  CSS  the  yield  of  iodine  is  increased  threefold.  Schmidt  ex- 
tracts the  iodine  from  the  saline  solution  used  in  the  ammonia- 
soda  process,  by  precipitation  as  iodide  of  lead,  prior  io  the 
separation  of  the  potassium  salts.  In  the  extraction  of  iodine 

Galloway.  tvom  kelp,  Galloway  proposes  the  substitution  of  chlorine 
water  for  WoUaston's  method  of  treatment  with  sulphuric 
acid  and  peroxide  of  manganese.  In  a  sample  he  determines 
the  amount  of  chlorine  water  necessary  to  form  iodine-i)en 
tachloride  with  the  iodine  present,  and  then  adds  sufficient 
to  simply  liberate  the  iodine.  After  its  removal,  sufficient 
chlorine  is  added  to  free  the  bromine  present. 

auperphoMphatea.  SUPERPUOSPHATES. 

In  the  manufacture  of  superphosi)hates  but  few  changes 

Kohinnwch.     are  to  be  not^.    Kohlrausch  removes  the  11  to  IG  per  cent. 

of  carbonate  of  calcium  from  spodium  prior  to  its  change 
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into  superphosphate  by  treatment  with  sufficient  hydro- ^«^''*/'*®^*«^ 
chloric  acid  to  expel  the  carbonic  anhydride  and  extraction    Eobinnsch. 
of  the  chloride  of  calcium  with  a  small  quantity  of  water. 
J.  T.  Way  goes  still  further,  and  accomplishes  the  entire    way. 
transformation  with  hydrochloric  acid,  washing  out  the 
chloride  of  calcium  with  just  a  sufficiency  of  water.     In 
Gratz  the  manufacture  of  superphosphate  is  joined  in  a   Gr^u. 
very  practiciil  manner  with  the  preparation  of  fertilizing 
material  from  the  ordure  of  the  city.    An  apparatus  for  the 
continuous  manufacture  of  superphosphates  has  been  de- 
vised by  Thibault,  and  is  now  in  satisfactory  operation  at    Thibanit. 
Paris  in  Michelet's  works,  producing  30,000  kilos  daily.    It 
consists  of  a  cast-iron  cylinder,  in  which  the  dried  phospho- 
rite and  sulphuric  acid  are  introduced.    A  movable  axle 
furnished  with  paddles  arranged  obliquely  maintains  not 
only  a  constant  mixture  of  the  mass,  but  also  a  gradual 
movement  towards  one  end  of  the  cylinder,  where  the  liquid 
mass  is  conducted  into  brick  chambers,  lined  with  lead. 
The  acid  vapors  disengaged  are  conducted  through  a  coke 
scrubber  in  which  water  is  constantly  flowing,  where  like- 
wise a  small  amount  of  iodine  is  deposited. 

Various  studies  on  the  reaction  occurring  in  the  decompo-    studies  on  the 
sition  of  tribasic  phosphate  of  calcium  have  been  recently  ^un!^ 
made.    Kolb  regards  the  reaction  as  consisting  in  (1)  a   Koib. 
rapid  decomposition  of  two-thirds  of  the  phosphate  into 
sulphate  of  calcium  and  free  phosphoric  acid,  and  (2)  a  slow 
decomposition  of  the  remaining  third  by  the  free  phosphoric 
acid.    Armsby,  on  the  other  hand,  regards  the  reaction  as   Armiey. 
consisting  (1)  in  the  decomposition  of  one-half  of  the  phos- 
phate to  soluble  phosphate — 

Ca3(  P04)*+ 2H2S04=CaH4(P04)*+ 2Ca804, 

and  (2)  in  a  gradual  change  of  this  soluble  phosphate  in 
contact  with  the  remaining  half  of  the  triphosphate  into 
insoluble  dicalcium  phosphate.  Erlenmeyer  finds  that  the  Krienmeyer. 
salt  0aH4(PO4)2+H2O  is  completely  soluble  in  700  parts  of 
water.  A  small  amount  of  water  is  sufficient,  however,  to 
decompose  it  into  free  phosphoric  acid  and  the  insoluble 
CaHP04+L*H20.  This  fact  renders  the  extraction  of  phos- 
phoric acid  on  the  filter  advantageous  only  with  such  phos- 
phates as  contain  besides  phosphate  of  calcium  a  certain 
quantity  of  free  phosphoric  acid  sufficient  to  prevent  the 
second  reaction. 

ALUMINA  PREPARATIONS.  Alumina. 

Sulphate  of  aluminium  is  now  used  extensively  in  the      suipbat«   of 
place  of  alum  in  the  manufacture  of  paper  and  for  dyeing         *"°' 


ceM. 
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Alumina.  Turkey  red.  The  Buglish  alum  cakes  used  so  extensively 
Aiumcake«.     ^*'^'  prepared  simply  by  the  action  of  sulphuric  acid  on 

china  clay,  under  a  pressure  of  two  or  three  atmosi)here8. 

A  French  company  has  introduced  a  method  for  i)reparing 
suiphat-o   of  sulphate  of  aluminium  from  the  slag  of  ii'on  furnaces,  by  de- 

alamiDiam   frum  ^  f     * 

•»iaR-  composing  the  latter  with  hydrochloric  ackl  and  i)recipi- 

tatiug  hydrate  of  aluminium  from  the  solution  by  means  of 
carbonate  of  c^ilcium. 
Animportantimprovementiu  the  preparation  of  sulphateof 
p;Hini2wtioii  of  aluminium,  aiming  at  the  elimination  of  the  sulphate  of  iron 

salphate  of  iron. 

so  prejudicial  in  most  of  the  applications  of  this  article,  has 
Huttor'g  pro-  been  made  public  by  Alfred  Hutter,  of  Montpellier.  It  is 
based  on  the  fact  that  in  a  solution  of  sulphate  of  aluminium 
containing  no  fi'ee  acid,  but  containing  ferric  su]i)hate,  the 
introduction  of  strips  of  metallic  zinc  causes  a  i>recipita- 
tion  of  oxide  of  iron,  attended  with  the  formation  of  8ul]>hate 
of  zinc.  The  sulphate  of  zinc  thus  introduced  serves  ad- 
mirably for  the  sizing  of  paper  and  couhl  be  used  iu  large 
quantities  for  this  purpose  were  it  not  for  the  high  price. 
Composition  of  The  compositiou  of  the  sulphate  before  and  after  its  treat- 

fho  salphate  be-  *  ■■ 

fon^   and   aft^r  meut  with  metallic  zinc  is  as  follows : 

twatment.  j^^^  ^^^^ 

AI2O3 15.40  yO.85 

SO3 35.88  ;'>5.88 

FcjOa 0.95  0.04 

ZnO 0.50 

H2O 47.77  42.7:i 

It  will  be  noticed  that  this  reaction  has  also  the  effect  of 
increasing  the  proportion  of  the  ciude  sulphate. 
Lfiwiff.  The  Bros.  Lowig,  of  Dresden,  i>repare  a  hydrate  of  alu- 

aiuminiam.        miuium  wcIl  adapted  for  decolorizing  beet-root  jui(»e  by  pre 

cipitating  a  solution  of  aluminate  of  sodium  or  potassium 
with  hydrate  of  calcium,  filtering  from  the  solution  of  caus- 
^rocew.         tic  alkali  i)roduced,  and  decomposing  the  precipitate  of  alu- 
minate of  calcium  by  sufficient  hydrochloric  {icid  to  unite 
with  the  lime  present. 
nS^f^sStS^     Ducla  i)repares  pure  salts  of  aluminium  from  a  hydrate 
•lamininm.        obtained  as  follows :  Tlie  solution  of  the  crude  sulphate  of 

aluminium  is  treated  with  hydrate  of  calcium  and  carbonate 
of  calcium.  Carbonic  anhydride  escapes  and  hydrates  of 
iron  and  aluminium  are  precipitated.  The  latter  is  extracted 
with  solutions  of  caustic  soda  and  precipitated  for  the  al- 
kaline solution  by  means  of  the  carbonic  anhydiide  lil)er- 
ated  in  the  first  instance. 


t 
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BORAX   AND   BORACIC   ACID.  Borax  and  bo. 

raeieaeid. 

The  use  of  borax  is  constantly  increasing,  its  value  as  an 
antise[)tic  and  for  cleansing  purposes  being  more  and  more 
generally  recognized.  The  fumaroles  of  Tuscany,  although  The  fumaroies 
producing  annually  2,600,000  kilos  of  boracic  acid,  form  no  longer  the  chief 
longer  the  chief  source  of  this  article  and  its  derivatives. 
Among  the  most  important  new  sources  of  boric  compounds 
opened  up  within  a  few  years  are  the  extensive  deposits  in 
California  and  Nevada.    They  consist  chiefly  of  borates  of  De^taof  c»i- 

...  ■!«•  1/t  •xi  t         •  •       ifomia  and   Ne- 

sodium  and  calcmm,  and  form  a  zone  m  the  volcanic  region  vado. 
north  and  east  of  the  Sierra  Nevada.    The  annual  produc- 
tion has  already  amounted  to  2,400,000  kilos.     Extensive    Production, 
deposits  of  boro-natro-calcite  have  also  recently  been  dis- 
covered in  Chili.     Boric  aeid  to  the  extent  of  about  140,000   Chm. 
kilos  annually  is  obtained  from  the  boracite  in  the  Stass-    stansfnrth. 
furth  deposits.      The  chief  cause,  however,  of  the  recent 
notable  diminution  in  the  price  of  boric  compounds  is  due 
to  the  development  of  the  widespread  deposits  of  borate 
and  hydroborate  of  lime  in  Asia  Minor,  in  the  vicinity  of   Asia  Minor, 
the  sea  of  Marmora  and  the  Black  Sea.    These  valuable 
sources  were  first  recognized  by  C.  Desmazures,  who  by  their   c.  DesmaBurea. 
means  was  enabled  in  1869  to  introduce  into  France  the  in- 
dustry of  borax  manufacture.    The  mines  of  Sussurbi  have    Mines  of  Sua- 
lately  passed  into  the  hands  of  Tenuant,  of  the  St.  RolloxdOTma.*" 
Works,  Scotland;  those  at  Panderma,  which  are  capable  of 
an  annual  production  of  5,000,000  kilos,  are  being  worked 
by  a  Constantinople  firm,  and  the  mineral — 2CaO,3B203+ 
3H3O — yields  41  per  cent,  of  boric  acid.    Boric  acid  is  also 
obtained  associated  with  chloride  of  ammonium  on  the  isl-    i»i«»<i  o^  ^^' 

cano. 

and  of  Vulcano,  north  of  Sicily.  In  the  crevices  of  the 
crater  of  the  volcano  there  is  a  constant  issue  of  vapors, 
consisting  of  steam,  sidphurous  acid,  and  sulphur,  which 
carry  with  them  a  certain  amount  of  boric  acid  and  chloride 
of  ammonium.  In  order  to  gather  the  latter  compounds 
the  fissures  are  covered  with  a  mixture  of  ashes  and  pumice 
stone,  in  which  the  sublimed  matter  is  condensed.  After 
four  or  five  days  it  contiiins  about  10  per  cent,  of  boric  acid, 
which  is  obtained  by  lixiviation.  The  annual  production  is 
but  4,000  kilos,  and  the  process  is  interesting  principally 
from  the  fact  of  its  being  constantly  dependent  on  the  ac- 
tivity of  a  volcano.    Among  the  newer  theories  with  regard    Theories  in  re- 

'  **  **  gard  to  the  fuma- 

to  the  cause  of  the  appearance  of  boric  acid  in  the  fumaroles  ">!«»• 

of  Tuscany  should  be  mentioned  that  of  Dieulafait,  who    nieniafait. 

attributes  its  source  to  deposits  of  borates  from  the  sea  in 
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Brlenmeyer's 
process. 


ro^  c^npoSlfnifc'  ^"^^^  gcological  peiiods,  from  which  the  acid  is  released 

by  the  action  of  hydrochloric  acid  set  free  by  the  decompo- 
sition of  chloride  of  magnesium  in  presence  of  aqueous 
Bechi.  vapor.    Bcchi,  on  the  contrary,  considers  the  boric  acid  to 

result  from  the  slow  decomposition  by  means  of  aqueous 
vapor  of  the  borates  so  abundant  in  Italian  serpentine. 

Cyanides.  CYANIDES. 

The  applications  of  cyanides  are  becoming  so  extended 
that  the  necessity  of  a  method  for  producing  them  cheijply 
in  a  state  of  comparative  purity  is  being  more  and  more 
keenly  felt.  Erleumeyer  proposes  the  following  process, 
which,  in  view  of  the  low  price  at  which  sodium  is  now  i)ro- 
duced  in  France,  is  possibly  capable  of  technical  realiza- 
tion. It  consists  in  simply  melting  together  ferro-cyanide 
of  potassium  and  sodium,  when  the  decomposition  into 
metallic  iron  and  cyanides  occurs  at  once — 

K4FeCy6+2Na=4KCy.f2I^aCy+Fe. 

The  mixture  of  ihe  melted  cyanides  is  poured  oft'  fi-om 
the  iron,  which  falls  to  the  bottom  of  the  crucible,  and  yields 
a  salt  capable  of  use  for  most  puri)oses  where  cyanide  of 
potassium  is  required.  More  attention  is  being  given  to  the 
subject  of  the  separation  of  the  cyanogen  compounds  0(?- 
curring  among  the  waste  products  of  various  industries. 
Nietzki  finds  that  soda  works  yielding  daily  twenty  tons  of 
soda  could  furnish  annually  as  a  by-product  6,500  kilos  of  fer- 
ro-cyanide of  sodium  and  3,250  kilos  of  suli)ho-cyanide  of 
sodium.  The  utilization  of  sulpho-cyanide  of  ammonium 
found  in  such  large  quantities  in  gas  purifiers,  and  espe- 
cially its  transformation  into  the  form  of  ferro-cyanide,  have 
been  the  inciting  cause  of  numerous  researches.  At  Berlin 
and  in  England  apparently  satisfactory  processes  for  bring- 
ing about  this  change  have  been  in  practiciil  operation  for 
over  a  year.  Among  the  various  methods  suggested  are 
the  following : 

Douglas  obtains  ferro-cyanides  from  gas  lime  by  mixing 
in  it  5  per  cent,  of  soda,  extracting  with  water,  evaporating 
to  dryness,  and  heating  the  residue  with  iron  filings. 

Alander  heats  a  mixture  of  sulpho-cyanide  of  ammonium, 
coal,  potash,  and  iron  filings,  made  into  a  pasty  mass  by  the 
addition  of  oil,  to  a  dull  red,  aud  exhausts  with  Avat(»r.  By 
this  means  40  to  GO  per  cent,  of  the  sulpho-cyanide  present 
Valentino.  is  chaugcd  iiito  fcrro-cyauide.  Valentine  heats  the  Laming 
mixture  from  the  giis  works  with  chalk  or  carbonate  of 
magnesium ;  the  solution  obtained  by  lixiviating  the  mass 
contains  ferro-cyanide. 


Possible  yield 
of  snlpbo-  nnd 
ferro-  cyanides 
by  soda  works. 


UtUbsation  of 
Hulpho-cyanide  of 
nmmoninm  of  gas 
works. 


Douglas'     pro- 
cess. 


Alander. 
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The  most  important  novelty  in  this  branch  of  industry  is      Cuanidet. 
the  synthetic  preparation  of  ferro-cyanide  of  potassium  by 
Tchemiac's  process,  the  successful  introduction  of  which        Tcbemiac's 

^process  for  pro- 

will  involve  a  complete  revolution  in  the  manufacture  of  ducing  tmo-cy^ 
cyanogen  compounds.  But  few  chemical  industries  have»ium.  **  ^ 
been  pursued  for  a  long  series  of  years  with  such  slight 
changes  in  the  essential  features  of  the  process  as  has  been 
the  case  with  the  manuf^icture  of  ferro-cyanide  of  potassium 
or  yellow  prussiate.  The  primitive  method  of  fusing  to-  The  ow  pro- 
gether  i)otash,  iron,  and  refuse  animal  matter  rich  in  nitro-  *^*** 
gen,  with  its  attendant  enormous  losses  of  this  last  import- 
ant constituent,  is  still  universal.  The  above-mentioned 
utilization  of  the  refuse  of  gas  works  is  still  too  limited  to 
be  brought  into  serious  consideration,  and  as  Europe  and 
America  require  annually  about  50,000,000  kilos  of  prussi- 
ate, it  is  naturally  impossible  to  look  upon  this  source  as  in 
any  way  suflQcient  to  meet  the  demands  of  commerce.  Al- 
though no  practical  changes  have  been  made  in  the  manu- 
facture, it  has  not  been  for  lack  of  experimental  efforts. 
Numberless  attempts  have  been  made  to  utilize  the  nitro- 
gen of  the  air  by  passing  it  over  carbon  and  either  potash 
or  baryta,  etc.  Gelis  in  1860  proposed  a  process  involving  Geiin^sprooeM. 
the  formation  of  sulpho-cyanide  of  ammonium  by  the  action 
of  bisulphide  of  carbon  on  sulphide  of  ammonium,  the 
transformation  of  this  salt  into  the  corresponding  salt  of 
potassium,  and  the  change  of  the  latter  into  the  ferro-cyan- 
ide by  fusion  with  iron.  Notwithstanding  experiments  car- 
ried on  until  1870,  he  was  unable  to  bring  any  of  these 
three  principal  steps  in  the  process  to  the  degree  of  perfec- 
tion requisite  for  its  technical  application. 

Tcherniac,  while  retaining  the  general  features  of  Gk^lis's        TchemiM's 
process,  has  introduced  new  methods  for  the  attainment  of  Scri^. 
the  objects  sought  in  the  diflferent  steps  of  it,  which  by 
their  simplicity  and  effectiveness  render  the  process  as  a 
whole  capable  of  practical  realization.    The  following  is 
the  succession  of  the  reactions :  For  the  manufacture  of  sacoeMion   of 

,    ,  •  J        /»  •  »>   •       •        t  XI        X  the  reactions. 

sulpho-cyanide  of  ammonium  it  is  simply  necessary  to  heat 
together  in  strong  autoclaves  bisulphide  of  carbon  and 
watery  solution  of  ammonia.  Under  proper  conditions 
nearly  the  entire  amount  of  bisulphide  and  ammonia  is 
changed  into  snlpho-carbonateof  ammonium,  which  decom- 
poses at  100^  G.  into  sulpho-cyanide  of  ammonium  and  sul- 
phreted  hydrogen — 

CSa-f  2NH3  =  CS  {  g^^^  J  =NH48CN+H2S. 

The  evolved  sulphureted  hydrogen  is  burned  and  the 
sulphurous  acid  resulting  from  its  combustion  is  utilized. 
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Cyanides,      jn  Order  to  cliauge  the  sulpho-cyanide  of  ammoDium  into 

Tcherniac'8  the  coiTespoiidiug  potasslum  salt,  lime  is  added  to  the  soln- 

Sv^iD«  fOTTo-cya^  tion,  aud  on  boiling  it  half  of  the  ammonia  originally  taken 

^u^.  **    ^**"'  ia  regenerated  and  ready  for  use  again.    The  proper  amount 

of  sulphate  of  potassium  is  next  added  to  the  solution  of 
sulpho-cyanide  of  calcium,  and  the  solution  of  sulpho-cyan- 
ide of  potassium  filtered  from  the  precipitate  of  sulphate  of 
calcium— 

2NH4SCN+CaO=Ca(8CN)2+2NH3+H20 ; 

Ca(SCN)2+K2S'O4=2KSCN+0aSO4. 

The  solution  is  evaporated  to  dryness  and  the  salt  entirely 
freed  from  water  by  fusion  to  200o  C.  In  this  condition  it  is 
intimately  mixed  with  finely  divided  iron  and  maintained 
tor  a  short  time  at  a  dull  red  heat  in  closed  vessels.  On 
lixiviating  the  cold  mass  of  cyanide  and  sulphide  yielded 
by  this  fusion,  the  formation  of  prussiat^  takes  place  im- 
mediately— 

6KSCN+6Fe=6KCN+6FeS=K3S+5FeS+K4Fe(CN)6. 

The  solution  of  prussiate  thus  obtained  contains  a  trace 
of  impurities  from  the  presence  of  a  double  sulphide  of  iron 
and  potassium,  which  is  removed  by  recrystallization.  The 
product  then  obtained  is  chemically  pure.  An  all  impor- 
tant factor  of  this  transformation  of  sulpho-cyanide  into  fer 
Peculiar  char-  ro-cyauide  is  the  character  of  the  iron  used.    That  now  in 

Bcter  of  iroD  cm* 

idoyed.  actual  usc  in  M.  Tchemiac's  works  is  prepared  from  the  res- 

idues of  the  pyrites  burners  in  sulphuric  acid  manufacture. 
These  residues,  as  obtained  from  the  French  works  at  a 
price  but  little  above  that  of  transportation,  contain  about 
',  95  per  cent,  of  sesquioxide  of  iron  and  5  per  cent,  of  im- 

*  purities.    They  are  mixed  with  an  excess  of  powdered  coal 

(ordinary  coal  slack  or  dust  answers  admirably)  and  heated 
in  a  specially  adapted  furnace  in  direct  contact  with  a  strong 
reducing  flame.  After  remaining  the  requisite  time  in  the 
furnace  the  oxide  of  iron  is  completely  reduced  to  the  me- 
tallic state — 

Fe203+3C=2Fe+3CO, 

which  is  then  raked  into  air-tight  receptacles.  After  cool- 
ing it  presents  a  grayish  i)orous  mass,  cnimbling  between 
the  fingers,  and  well  adapted  for  a  variety  of  purjjoses  in 
other  branches  of  chemical  industr>'.  In  the  works  near 
Paris,  where  this  process  is  being  introduced,  a  ton  of  iron 
a  day  is  prepared  by  the  above-mentioned  method  at  a  cost 
far  below  that  of  cast  iron. 
In  the  preparation  of  red  prussiate  no  material  change  is 
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to  be  Doted.    It  is  proposed  to  substitute  bromine  for  cblo-      cyanides. 
rine  in  the  oxidation  of  the  yellow  prussiate,  since  the  price    b^^  pruaaiato 
of  bromine  has  fallen  to  so  low  a  figure. 

ORGANIC   ACIDS.  Organic  acids. 

Oxalic  acid.  OxaUcacld. 

Thorn,  who  has  made  an  exhaustive  study  of  the  entire 
process  of  manufacturing  oxalic  acid  from  sawdust,  finds 
tbat  the  best  results  economically  are  obtained  by  using  50 
parts  of  pine  sawdust  to  40  parts  of  caustic  potash  and  60  Proc^ofman. 
parts  of  caustic  soda,  in  tlie  form  of  a  solution  marking  42° 
B.  Tlie  mixture  should  be  heated  in  thin  layers  on  iron 
plates,  and  a  itision  of  the  mass  avoided.  The  yield  of 
crystallized  oxalic  acid  is  80  per  cent,  of  the  weight  of  wood 
employed,  ('ellulose  gives  better  results  than  lignose,  and 
bran  possesses  no  advantage  over  wood.  Bohlig  prepares 
oxalic  acid  by  adding  sawdust  to  a  boiling  solution  of 
caustic  potash  at  36^  B.  until  the  mass  becomes  thick.  It 
is  then  heated  for  several  hours,  when  it  presents  a  brown 
fluid,  to  which,  on  cooling,  enough  water  is  added  to  form 
a  solution  of  40^  B.  The  oxalate  of  i>otassium  which  crys- 
tallizes is  changed  into  oxalate  of  magnesium,  and  the  pure 
acid  is  precipitated  from  the  solution  by  the  addition  of 
hydrochloric  acid.     Asselin  has  introduced  a  new  method    Aftseim'a  pro- 

CG88 

at  St.  Denis,  in  which  he  makes  use  of  the  nitrates  in  the 
waste  pickle  of  brass  and  copper  works.  These  are  brought 
in  contact  with  cheap  starchy  substances.  By  the  action 
of  the  free  nitric  acid,  oxalic  acid  is  produced.  This  form- 
ing a  ])recipitate  of  oxalate  of  copper  with  the  nitrates 
present  liberates  new  quantities  of  nitric  acid  to  continue 
the  decomposition,  which  is  maintained  until  the  supply  of 
nitrates  is  exhausted.  The  oxalic  acid  is  separated  from 
the  precipitate  of  oxalate  of  copper  by  means  of  sulphuric 
acid.  This  process  affords  an  ingenious  application  of  waste 
product  otherwise  entirely  lost. 

The  use  of  oxalic  acid  in  beet-root  sugar  manufacture  is  ubo  in  beet  root 
becoming  greatly  extended.  Its  addition  is  found  to  insure  tSST  manufac- 
a  regular  ebullition  during  the  boiling  of  the  concentrated 
juice.  The  generally  received  belief  in  the  poisonous  i)rop-  A8  to  the  poi- 
erties  of  oxalic  acid  has  recently  been  shown  by  a  German  SMii^acra.  *  ^  ^ 
chemist  to  be  unfounded. 

Benzoic  acid.  Benzoic  acl<L 

This  acid  is  produced  at  present  entirely  from  naphthalene 
or  from  the  urine  of  herbiverous  animals.    One  establish- 
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orpanie  acids.  mcDt  in  Eastcrii  Germany  uses  annually  1,200,000  kilos  of 

the  latter  substance,  producing  therefrom  3,500  kilos  of  ben- 

g^^«>^,«<***^j^  zoic  acid.    Daubin  has  recently  commenced  to  utilize  the 

ccM-  quantities  of  liquid  obtained  from  the  slaughter-houses  of 

Paris,  which  are  calculated  to  yield  annually  4,500  kilos  of 
acid.  In  order  to  avoid  the  unpleasant  features  of  this 
manufacture,  t.  c,  the  evaporation  of  the  urine,  Putz  pre- 
cipitates directly  the  hippnric  acid  as  hippurate  of  iron 
with  perchloride  of  iron,  brings  the  acid  into  the  form  of 
the  calcium  salt  in  solution,  and  preci])itates  it  with  hydro- 
chloric acid.    An  analogous  method  is  in  use  in  Paris. 

Tartaric  Mid.  Tartaric  acid. 

This  acid  is  now  obtained  in  large  quantities  from  the 

lees  of  wine,  which  after  pressing  contain  usually  10  per 

cent,  of  tartrates.    One  house  in  Vienna  manufactures  at 

present  200,000  kilos  of  tartaric  acid  from  this  source  alone. 

Dietrich's  Dietrich  has  introduced  the  following  method  for  decom- 

methou. 

posing  tartar  in  order  to  save  the  potash  present.  The 
tartar  is  mixed  with  chalk  and  heated  with  water  under 
pressure.  At  first  tartrate  of  calcium  and  bitartrate  of 
potassium  are  formed — 

2C^4l  UKOe + CaOC03=  C4H4CaOe+ C^H^KzOe-f  CO2+  H^O. 

By  the  solution  of  the  carbonic  acid  under  pressure  the 
chalk  is  dissolved  and  acts  further  on  the  potash  salt-r- 

C4H4K2C)G-f  CaC03+ CO2+ H2O = C4H40a06+ 2KHCO3. 

The  final  products  are  tartrate  of  calcium  and  bicarbon- 
ate of  potassium. 

Ptatintim.irwi- PLATINUM,  lEIDIUM,  PALLADIUM,  OSMIUM,  ETC. 

um,    palladium, 
ottnium,  etc. 

The  magnificent  exhibits  of  platinum  and  allied  metals 
Johnson,  Mat  and  their  preparations  of  Johnson,  Matthey,  &  Co.,  ou  ac- 
count of  their  magnitude,  value,  beauty,  excellence  of  work- 
manshi]),  and  their  exceptional  character  in  almost  every 
respect,  merit  more  than  a  passing  notice,  and  through  the 
kindness  of  Mr.  Sellon  the  following  short  account  is  repro- 
duced : 

Si'Uou'e    ac-     "  From  tlio  year  1800  to  1809  a  rolatiye  of  a  present  member  of  this 
'^""^'  oroinent  finn  was  employed  in  working  upon  platinum,  aud  discovered 

the  process  for  its  treatment  and  consolidation,  which,  generally  known 
as  tlie  process  of  Wollaston,  has  been  until  late  years  in  use  here,  and 
up  to  the  present  time  on  the  Continent.  The  first  apparatus  of  ]>lati- 
nnm  ever  made  for  the  concentration  of  sulphuric  acid  was  completed 
in  December.  1609,  and  was  su]>plied  to  some  works  now  existing  near 
London.  The  weight  of  platinum  used  in  this  apparatus  was  423 
ounces. 
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"  The  work  of  this  firm  in  connection  with  this  valuable  metal  may   "'*'*''^'*!^'ir*^^ 
be  summed  up  under  the  following  heads :  o*mium.  eu. 


it 


The  metallurgy  of  platinum. 


''The  separation  and  production  in  a  state  of  purity  of  the  metals.    Separation  >.n(l 
rare  and  precious,  of  which  the  native  ore  chiefly  consists,  viz:  Plati- JJJJ^j^^J^"     ** 
num,  ruthenium,  iridium,  rhodium,  osmium,  palladium,  large  quanti- 
ties of  which  are  now  in  the  Exhibition  in  a  state  of  great  purity. 

** The  fusion  of  platinum  PlatiBom    fus- 

ing. 

by  the  process  first  commercially  brought  to  notice  by  MM.  H.  St. 
Claire  Deville  and  Debray  in  about  the  year  185G.  By  the  fusion  of 
pure  sponge  platinum  (instead  of  its  simple  compressiou,  uuitiug  it  by 
forging  under  the  old  system,  which  must  always  produce  metal  more 
or  less  i)orous)  it  is  obtained  in  a  condition  of  the  most  perfect  com- 
pactness, strength,  and  durability,  and  of  increased  resistance  to  the 
action  of  acid.  Messrs.  Johnson,  Matthey,  &  Co.  melt  ingots  of  pure 
platinum  of  any  weight  up  to  10,000  ounces. 

**  The  patent  autogenous  soldering  Antogeneout 

soldering. 

(i.  e.,  the  joining' together  of  platinum  by  means  of  the  oxy-hydrogen 
blowpipe).  Experiments  with  a  view  to  carry  out  this  process  were 
begun  in  the  year  1859,  perfected  in  1830,  and  have  since  been  adopt<id 
by  the  firm  for  all  important  work.  The  boilers,  etc.,  shown  in  the 
London  Exhibition  of  18G2  were  all  manufactured  upon  this  system. 
It  is  manifestly  more  advantageous  that  the  whole  should  be  equally 
durable  and  uniformly  of  the  same  metal,  without  the  inequalities  and 
disadvantages  which  do  and  must  always  exist  wilh  gold  soldering. 
The  absolute  perfection  and  superiority  of  this  process  over  the  old 
method  have  been  proved  by  the  results  of  working  more  than  IGO  con- 
centrating boilers,  of  capacities  varying  from  20  to  180  gallons.  By 
the  old  system  of  working  ui)  a  still  from  one  piece  of  metal  (which  is, 
however,  only  practicable  with  small  sizes),  that  portion  of  the  appa- 
ratus which  requires  most  strength,  the  bottom  and  lower  portion  of  the 
sides,  is  necessarily  the  thinnest,  whereas  the  dome  and  upper  portion 
of  the  sides,  where  least  strength  is  necessary,  becomes  the  thickest, 
thus  causing  an  absolutely  useless  and  detrimental  waste  of  metal. 
When  under  the  old  system  gold-soldered  joints  are  used  for  the  larger- 
sized  vessels,  this  evil  is  only  partially  mitigated,  whilst  the  use  of  gold 
involves  extra  and  useless  cost  to  the  purchaser,  who  has  to  pay  not 
only  for  the  gold  employed  at  three  times  the  price  of  platinum,  but 
also  for  the  double  thickness  of  that  metal  where  unnecessary,  without 
in  the  smallest  degree  adding  to  the  durability  or  effective  working  of 
the  apparatus.  The  new  system  is  therefore  based  upon  true  metallur- 
gical principles,  the  whole  of  the  apparatus  being  rendered  more  per- 
fect and  solid  than  by  the  old  process,  with  the  great  advantage  of  the 
thickness  of  metal  being  regulated  in  accordance  with  the  relative 
wear  and  tear  of  its  various  parts. 

^'Apparatus  for  the  oonoentratioii  of  sulphuric  acid.  Salnhuric  scM 

cooreatratiOD  sp- 
"The  first  sulphuric  acid  still,  made  in  1809,  was  of  a  deep  circular P*'*^'*'*- 

form,  and  was  worked  under  a  leaden  chamber.    Since  that  time  boil- 
ers and  pans  of  different  sizes,  some  entirely  of  platinum  and  some 
with  leaden  hoods,  were  in  use  up  to  the  year  1855,  the  principle  being 
5  P  R VOL  4 
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Platinum,  iridi-  to  have  a  <lcop  layer  of  acid,  digested  for  a  coDsiderablo  lime.     In  1855 
otmium^^'*^'^  Messrs.  Johnson,  Mattbey,  &  Co.  showed  in  the  Paris  Exhibition  a  still 

Sulphuric  (>0Qgt.fiiQ^(i[  upon  the  principle  of  niunini?  throuch  in  a  continuous 
acid     conorntra-  *  -  ^  , 

tioD  still  of  John.  Stream  a  shallow  layer  of  acid  of  about  two  inches  in  depth,  the  draw- 

m,  Matthey.  ^  iug  for  which  had  been  prepared  by  the  eminent  chemical  engineer, 

Mr.  W.  Potrie.  In  1832  thoy  again  exhibited  an  improved  apparatus 
on  the  same  general  principles,  but  with  an  arrangement  by  which  the 
acid  was  drawn  from  a  compartment  in  the  center  of  the  vessel,  by  a 
tube  connected  through  its  side  with  the  cooler. 

**  A  writer  in  a  Gkirmau  contemporary  remarks  that  this  process  of 
working  with  corrugated  rectangular  boilers  has  had  astonishingly 
favorable  results.  The  flat  layer  of  acid  sliding  on  the  coiTugated  sur- 
face ia  forced,  by  the  effect  of  the  partitions  placed  in  the  vase,  a  little 
above  the  bottom,  and  produces  thus  a  continual  concentration  at  66*^ 
full,  which  in  the  other  known  systems  does  not  take  place  in  the  groat 
Advontoj^es.  generality.  By  the  employment  of  this  new  system  there  is  said  to  be 
an  economy  of  50  per  cent,  in  the  iirst  saving  of  platinum,  of  70  poi 
cent,  in  the  cost  of  attendance  and  general  labor,  and  48  per  cent,  in 
the  consumption  of  fuel. 

Alloys  of  plati-  ^^ Alloys  of  platinum. 

num. 

^'The  preparation  of  the  alloys  of  platinum  of  this  firm,  especially 
of  the  alloy  with  10  per  cent,  of  iridium,  demand  special  attention. 
Planed    meter  They  show  a  meter  rule  in  course  of  construction  by  the  system  of 
®'  •  planing'  instead  of  the  method  of  drawing  through  i)lates,  being  the 

most  effectual  for  obtaining  mathematical  exactness  of  shape  and  per- 
fect purity.    They  also  show  a  finished  kilo  standard  weight,  of  the 
density  21.52. 
Exhibits.  '*  Exhibits. 

Pyrometer,      "  The  following  also  deserve  attention :  Platinum  and  gold  pyrometer 
mimitiis,  ou?*^  ^^  determine  the  degree  of  heat  in  the  boiler ;  laboratory  alembic  for 

making  hydrofluoric  acid,  etc. ;  platinum  assay  apparatus  ;  square  and 
round  platinum  serpentines  of  extraordinary  workmanship,  shown  as 
specimens  of  the  perfection  of  autogenous  soldering ;  platinum  tube, 
500  centimeters  long,  in  one  piece,  diameter  0.05""";  palladium  tube 
and  ingot;  pure  palladium  mass,  weight  65^  kilos,  value  260,000  frs. 
(£10,400),  extracted  from  about  l!!i5,000,000  frs.  worth  of  native  plati- 
PaUadium  disk  num  and  gold ;  pure  palladium  disk,  in  which  nearly  a  thousand  times 
SSt>gen*M*.'***  ^^^ '""*'*  ^^  ^^y^^S^u  gas  has  been  occluded.    This  volume  of  gas 

would  be  rei)resented  by  a  column  nearly  2,000"""  high,  and  100'^"»  di- 
ameter.    Original  diameter  of  flat  disk  of  m<»tal,  lOO""™ ;  di:unoter  after 
the  charging  of  gas,  102.5"™,  the  concavity  having  been  caused  simply 
lyy  the  absorption  of  gas ;    original  thickness,  2™'" ;   thickness  after- 
wards, 2.2'""»;   original  weight,  187.3775  gnus.;    weight  aft^^rwards, 
PUtinifiirons  18:^.2882  grms.    Platiniferous  metals,  viz :  Pure  ruthenium,  2  kilos  (com- 
""Rutheniuiu.      pr*?ssed  ingot),  value  40,000  frs. ;  pure  rhodium,  2  kilos  (njelted  ingot); 
Khodinra.         pure^Qsmium,  2  kilos;  pure  iridium,  2  kilos  (melted);  jnire  i>al1adium, 
Udiiun.  2  kilos  (forged  ingot);  fine  wires  of  the  metals  gold,  ])latinum,  palla- 

PaUadium.        dium,  silver,  copper,  iron,  aluminum,  each  of  0.001  in.  =  0.025™™  diam- 
eter, 1  kilometer  of  each,  weighing  as  under : 

Gnns. 

Gold 18.  G6 

Platinum    20.0 

Silver _. 10.10 

Coppei  .. ^  ..^,^  .^ 8.50 
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GrmA.      Platinum   and 

Palladium i^r^ptatinVerousm.,. 

Aluminam 3.0 

Iron 7.0 

''The  rare  metallic  preparations  exhibited  include  osmic  acid,  hypo- 
mthenic  acid|  platino-cyantde  of  magnesium,  sodio-chloride  of  rho- 
dium, etc.'' 

The  uses  of  platinum,  palladium,  iridium,  osmium,  are    Uses  of  thMw 
not  very  numerous  nor  of  great  extent,  but  some  are  of 
great  importance  and  all  are  of  interest. 

Platinum  in  a  state  of  extreme  division  resulting  from    As  a  mm  for 

covering  ol^joots. 

the  reduction  of  the  bichloride  of  the  metal  is  employed 
with  good  effect  to  cover  various  objects  with  a  thin,  inal- 
terable film,  which  serves  to  protect  them  from  the  influence 
of  atmospheric  agencies,  and  also  to  produce  certain  chro- 
matic effects. 

Several  methods  are  employed  for  coating  metallic  objects ;  j^^®*^®?^  ****^ 
for  example,  by  rubbing  the  surface  of  the  article  to  bejeou. 
coated  with  a  mixture  of  a  chloroplatinate  and  tartar,  by 
boiling  the  objects  in  a  solution  of  platinum  salt,  or  by  means 
of  galvano-plasty. 

The  liquids  usually  employed  «are  a  mixture  of  bichloride    soiauou  em- 
of  platinum  and  of  common  salt  or  of  the  bichloride  with^**^ 
organic  matters,  and  the  solutions  are  rendered  slightly 
alkaline. 

The  process  suggested  by  Bobttger  seems  to  be  the  most   scettgor's  pro- 
practical  and  is  the  one  generally  employed.    It  consists  of  *^®^' 
a  solution  of  bichloride  of  platinum  to  which  carbonate  of 
soda  is  added  until  effervescence  ceases.    To  this  solution 
a  little  glucose  (starch  sugar)  is  added  ;  the  whole  is  then 
mixed  with  a  solution  of  chloride  of  sodium. 

Small  objects  may  be  platinized  by  placing  them  in  a  zinc   Platinizing. 
basket  and  plunging  them  for  a  few  moments  with  the  solu- 
tion heati'd  to  14(P  Fahr.,  and  afterwards  well  washed  and 
dried  in  saw  dust. 

The  following  mixture  forms  an  indelible  ink  for  writing   indelible    ink 

^«  -:,*«  i«u^i^  for  y<no  labela. 

on  zmc  labels : 

Chloride  of  platinum 10  grains. 

Gum  arable 10  grains. 

Pure  water 2  fluid  drams. 

On  writing  on  bright  zinc  surfaces  with  a  quill  pen  this 
ink  pro<luces  velvety  black  traces  which  are  as  enduring  as 
the  plate  itself.     Platinum  is  used  for  the  production  of 
certain  colors  in  the  decoration  of  porcelain,  faience^  and  fine   Enamel  colon 
earthenware.     For  this  purpose  a  solution  of  chloride  of  ®'p**"* 
platinum  in  alcohol,  to  which  a  little  oil  of  lavender  is  after- 
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^^°*j^^^  wards  added,  is  evenly  laid  on  the  porcelain  surface  by 
«*«  means  of  a  camel'shair  pencil,  after  which  the  object  is  ex- 

posed to  the  furnace, 
^pifttiniwjd  ve».     j^;  jg  claimed  that  porcelain  and  glass  vessels  heavily 

coated  with  platinum  may  successfully  replace  for  many 
purposes  the  more  expensive  vessels  of  the  solid  metal. 
Platinized  mir-  xiiis  mctal  is  Stated  to  be  extensively  used  for  the  back- 
ing of  plate-glass  for  mirrors,  as  well  also  as  for  making 
single  image  mirrors,  which  is  done  by  depositing  the  plati- 
num on  the  front  surface  of  the  glass ;  the  metal  goes  on 
with  a  brilliant  surface,  little  inferior  in  reflecting  power  or 
"whiteness"  to  silver, 
^^ornnmon^tion  Many  of  thc  knick-kuacks  known  as  ^^  articles  de  Paris^ 
Pang."  are  ornamented  with  this  metal,  such  as  buttons,  jewelry, 

etc, 
U8.»  in  photog      Inalterable  pliotographs  on  porcelain  are  made  by  treat- 
ing  the  silver  x)liotograph  with  a  solution  of  bichloride  of 
platinum ;  the  chloride  of  silver  resulting  from  the  action  is 
carefully  washed  out,  and  the  image  is  transferred  to  the 
porcelain  suiface,  where  it  is  fixed  by  fusing  the  metal  into 
the  enamel. 
Alloys  of  piati-     Many  alloys  of  platinum  with  other  metals  have  been 
made,  the  most  important  of  which  appears  to  be  that  con- 
piatino-iridiam.  sistiug  of  90  parts  of  platinuui  and  10  parts  of  iridium,  which 
possesses  jjroperties  so  remarkable  that  it  has  been  adopted 
as  the  material  for  the  construction  of  the  standard  meter 
furnished  to  the  various  governments  by  the  French  Com- 
mission.   This  alloy  is  very  hard,  elastic  PS  steel,  and  quite 
inalterable  by  atmospheric  gases  or  vapors.     In  the  process 
/Stolon  metre,   of  making  thc  6talon  metre  it  is  absolutely  necessary  to  ob- 
tain a  mass  of  the  alloy  of  uniform  density  and  i)erfect 
homogeneity;    for  this  purpose  the  metals  are  fused  by 
Oxybydroeen  mcaus  of  a  serics  of  oxyhydrogcu  blow-pipes  nicely  fitted 

Ulow-pipe       for- ,  .  i,.  •••  aij 

nnco.  into  a  furnace  entirely  constructed  ot  limestone.    A  hand- 

some model  of  this  furnace  with  the  compound  blow-pipes 
attached,  capable  of  fusing  at  one  heat  an  ingot  weighing 
500  lbs.,  is  exhibited  by  the  Commission  du  Metre. 
u»w»  of  paiia-  The  associated  platinum  metals  have  found  limited  Jippli- 
cations  in  the  arts.  Palladium  has  been  employed  in  the 
form  of  alloys  for  the  points  of  pencils,  lancets,  as  a  substi- 
tute for  gold  in  dental  i>lates,  and  esi>ecially  for  the  fabri- 
cation of  the  graduated  scales  of  physical  instruments, 
notably  those  used  for  astronomical  purposes.  This  metal 
is  well  adapted  for  this  purpose  on  ac^count  of  its  inaltera- 
bility and  its  color,  which  is  very  similar  to  that  of  silver. 
Its  high  price,  however,  has  restricted  its  use  very  much. 


Dam. 
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The  curious  propeity  which  palladium  possesses  of  ab-  P**";i*iiM». 
sorbing  hydrogen  io  large  quantity  was  first  observed  and 
described  by  Graham,  and  excited  gi^eat  interest  among 
scientific  men  on  account  of  the  additional  proof  it  affords 
of  the  metallic  nature  of  that  gas.  Johnson,  Matthey,  &  Co.  Aiw>rption  uf 
exhibited  a  disk  of  the  metal  in  which  a  thousand  times  its 
volume  of  hydrogen  is  occluded.    (See  page  GO.) 

Iridium  is  employed  in  porcelain  painting  for  x)roducing  usMof  hidiuiD 
fine  blacks  and  grays,  its  sesquioxide  biiiug  used  without  the 
slightest  inconvenience  with  other  vitreous  pigments.    The 
metal  in  the  shape  of  wire  and  plate  is  used  for  the  elec- 
trodes of  galvanic  batteries. 

The  natural  alloy  of  osmium  and  iridium  has  long  been  Ubm  of  irido»^ 
used  for  pointing  metallic  pens  and  for  the  purpose  ot  form- 
ing the  points  and  surfaces  of  suspension  of  marine  coAi- 
passes,  for  which  it  is  peculiarly  adapted  on  account  of 
its  inalterability,  its  hardness,  its  H'eedom  from  elasticity, 
and  magnetic  qualities.  On  account  of  their  variety  and 
the  difficulties  attending  their  preparation,  rhodium  and 
ruthenium  have  not  been  applied  to  any  useful  purposes  in 
the  arts. 


ARTIFICIAL   FLAVORING  EXTRACTS.  ArHjieialflam>r. 

ing  eztraett. 

An  exceedingly  novel  and  interesting  branch  of  manu- 
facture is  that  of  artificial  vanilla,  introduced  within  four 
years  into  France  and  Germany.    The  source  of  this  favor-    s^.urces  of  va. 
ite  flavoring  extract  has  hitherto  been  Mexico,  the  West  In- " 
dies.  South  America,  Java,  and  Mauritius,  where  the  pods 
of  the  vanilla  plant  are  carefully  dried  and  i)repared  for  ex- 
port.   The  best  sorts  of  vanilla  pods  occurring  in  commerce 
contain  usuall^^  from  1.5  to  2.5  per  cent,  of  the  aromatic    Pvicentago  of 
principle  vanillin,  to  which  the  vanilla  owes  entirely  its  taste 
and  odor.    The  annual  con?3umi)tion  of  vanilla  is  about  5,000    consuiupUou. 
kilos  in  the  United  States  and  30,000  kilos  in  France,  from 
which  figures  it  is  evident  that  but  a  few  thoui^aud  kilos  of 
vanilla  would  be  required  to  satisfy  the  present  demand  for 
this  flavoiing  matter.    The  manufacture  of  the  artificial    Artiflci«i    nw 

,-_  nilla   Irom   oooi- 

vanillln,  as  conduct<jd  at  present,  uses  as  raw  product  the  feiiu. 
coniferin,  a  glucoside  occurring  in  the  cambial  secretion  of 
all  coniferous  plants,  and  obtained  in  Germany  chiefly  from 
the  red  and  white  firs  ibund  abundantly  in  the  Black  Forest 
and  Thuringia.  The  bark  is  strii)ped  from  the  trees  early 
ill  spring,  and,  by  means  of  fragments  of  glass  or  knives, 
the  sap  and  a  portion  of  the  soft  bast  are  scraped  off  and 
collected  in  vessels.    On  account  of  its  readiness  to  undergo 
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\mi^wu^^  ferinentatiou,  the  sap  is  filtered  at  once  from  the  bast,  boiled 

for  a  short  time,  and  then  filtered  from  the  albuminous  mat- 
ter coagulated  by  the  heat.  The  filtrate  is  evaporated  to  a 
fifth  of  its  volume,  and  then  allowed  to  cr^'stallize.  By  this 
means  100  liters  of  sap  yield  from  ^  to  1  kilo  of  crystallized 
Preparation  of  coniferiu.    This  is  oxidized  with  the  familiar  mixture  of  sul- 

artiflcial  ▼onilla. 

phuric  acid  and  bichromate  ot  potassium,  and  the  vanillin 
formed  thereby  extracted  with  ether  or  by  a  current  of 
steam.  Complete  purification  from  the  vanillic  acid  formed 
at  the  same  time  is  attained  by  taking  advanta>ge  of  the 
aldehyde  nature  of  vanillin,  and  separating  it  in  the  form  of 
the  sodium  bisulphite  compound.  After  being  set  at  liberty 
from  this  compound,  vanillin  is  obtained  in  the  form  of  a 
white  crystalline  powder,  melting  at  81o  C. ;  20  gxams  of 
Which  correspond  to  a  kilo  of  the  best  vanilla.  This  manu- 
facture is  the  result  of  a  valuable  research  on  coniferin  car- 
ried out  in  the  laboratory  of  Professor  Hofmann,  at  Berlin, 
HMttmann  &  by  Haarmaun  and  Tiemann  in  1873.  From  their  investiga- 
tions it  was  shown  that  coniferin  was  a  glucoside  capable  of 
being  formed  by  the  union  of  glucose  and  coniferyl  alcohol 
under  elimination  of  water,  or  of  being  resolved  into  these 
substances  by  the  action  of  emulsin  or  dilute  acids — 

Fbrmnia of  va  Coniferfn  +  Water  =  glucose  +  coniferyl  alcohol: 

C1CH22O8+H2O  ^  CeHuOe+CioHigOa. 

Both  coniferin  and  coniferyl  alcohol  yield  on  oxidation 
vanillin,  GsEEgOa,  or  methyl  pro tocatechuic  aldehyde — 

(  OCH3 
Cell:,   ^OH 
(C;)H, 

the  name  assigned  to  this  compound  in  accordance  with  the 
nomenclature  accepted  at  present,  and  based  on  very  exact 
analytical  decompositions. 

The  establishment  of  the  above  comparatively  simple  for- 
mula of  vanillin,  and  of  its  exact  position  in  the  series  of  aro- 
matic compounds,  has  naturally  incite  other  efforts  to  pre- 
pare this  valuable  principle  from  other  closely  allied  bodies. 
<  )f  these  attempts  two  have  been  successful.  The  methods, 
although  patented,  are  still  too  costly  to  permit  of  competi- 
tion with  that  just  described. 
Reimer'smeth-  The  first  of  thcsc  was  discovcrcd  by  Reimer,  in  1876,  and 
is  based  on  a  most  important  reaction  due  to  this  chemist, 
viz,  the  introduction  of  the  aldehyde  group  CHO  in  phenols 
by  the  action  of  chloroform  in  presence  of  alkalies.    Thus, 
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ordinary    phenol  —  CeHoOH  —  yields    salicylic    aldehyde,  ^^  ''^f^Jf**'^ 
CHO     "^  ^^^  manner  guaiacol,  or  methyl-pyrocate-    v;:nuiin. 

QCT   ^— one  of  the  constituents  of  beech-tar 

creosote — is  changed  by  the  action  of  chloroform  into  the 
corresponding  aldehyde,  t.  e.,  vanillin — 

OCH3 
C«H3  ^  OH 
CHO. 

The  second  method,  discovered  by  Tiemann,  is  based  on     ,^  TieuMim'B 

'  *'  '  method. 

the  oxidation  of  the  eugenol  contained  in  oil  of  cloves,  oil 
of  pimento,  and  other  volatile  oils,  a  colorless  aromatic 
liquid  closely  allied  to  tlie  coniferyl  alcohol  mentioned 
above — 

(OOH3  (OCH3 

Eugenol  =  CeHa }  OH    ;  coniferyl  alcohol  =  OoUa }  OH 

(  C3H5  (  C3U4OH. 

It  consists  in  the  extraction  and  puriflcation  of  the  eugenol 
in  oil  of  cloves ;  introduction  of  the  acetyl  group  by  treat- 
ment with  acetic  anhydride ;  oxidation  of  the  aceto-eugenol 
thus  formed  with  potassium  permanganate ;  elimination  of 
the  acetyl  group  from  the  resultant  acetovanillin  by  means 
of  wea]^  alkalies ;  and  extraction  oi'  the  pure  vanillin  with 
ether. 

The  above  reactions  and  operations,  based  on  elaborate 
and  minute  reseai*ches,  show  in  a  strikii\g  manner  the  de- 
pendence of  industrial  chemistry  on  the  so  frequently  de- 
rided theoreticiil  investigations  of  the  modern  chemical 
laboratory. 

Eump  found,  in  1878,  vanillin  in  Siamese  benzoin  resin,    Rump's  meth- 
and  separated  it  from  the  residual  liquors  after  the  treat- 
ment with  lime  for  the  separation  of  the  benzoic  acid     In 
the  same  year  E.  Serullas,  of  Paris,  has  exti'acted  from  the    Serun«»'  m^th- 

od. 

pericarp  of  oats  an  essential  principle  to  which  he  gives  the 
name  aveneinej  and  obtained  vanillin  from  this  body  by  the 
ordinary  methods  of  oxidation. 


OZOEERIT.  (M$HL 

Ozokerit  is  found  in  small  quantities  at  Binney  Quarry,    soorcceof  obo. 
Linlithgowshire,  in  Wales,  and  in  coal  mines  near  Newcastle. 
It  is  chiefly  obtained,  however,  from  Galicia,  where  it  occurs 
in  connection  with  i)etroleum  springs  iu  the  blue  clay  of  the 
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ozokeriL      miocene  formation,  principally  in  Borislav,  near  Drohobycz, 
Sources  of.       ;xnd  Dzwiniacz,  near  Stanistawow,  at  the  northern  foot  of 
the  Carpathian  Moiintnins,  and  at  Swatoi-Ostrow,  an  island  in 
the  Caspian  Sea.  In  1875  about  20,000,000  kilos  were  mined, 
of  which  eight-ninths  came  from  Borislav  alone. 
Character.  Native  ozokcrit  of  the  best  quality  is  translucent,  of  a 

honey-yellow  color,  and  about  as  hard  as  common  beeswax. 
It  is  sometimes  found  in  lumps  and  layers  from  1  to  3  ft. 
in  thickness,  weighing  several  liundred weights.  More  fix3- 
quently,  however,  it  occurs  in  thin  layers  aud  small  pieces, 
which  must  be  separatixl  from  associated  minerals.  The 
smallest  pieces  are  obtained  hy  a  process  of  washing.  The 
poorer  qualities  are  highly  colored,  often  quite  black,  and 
are  either  too  soft,  from  hicorpoi-ated  petroleum,  or  too  hard, 
like  asphalt ;  are  mainly  used  for  the  i>roduction  of  X)araffine. 
ueedformanuThe  bcst  ycllow  qualities  are  used  for  the  manufacture  of 

fiicturo   of  core-  •^  '■ 

nine  and  paraf-  "ccresinc,"  a  factitious  "wax,"  which  is  largely  exi>orteda8 

beeswax.  In  making  parafllno  fix)in  ozokcrit,  which  yields 
on  an  average  of  42  per  cent.,  a<icordiug  to  the  quality  of 
the  mineral,  the  crude  hytU-ociirbou  is  (Irst  melted  and  drawn 

Prooeaa.  off;  the  residuc  boiled  with  water  to  i^ecover  the  last  por- 
tions remaining  in  the  i)sirtijilly  exhausted  mass ;  the  whole 
allowed  to  stand  for  several  lioui's  for  any  suspended  matters 
to  settle  out,  and  the  fused  hydrociirbon  poured  into  molds, 
which  contain  100  to  120  lbs.  It  is  shipped  ^vithout  further 
preparation  to  Vienna,  Paris,  London,  and  other  places, 
wliere  it  is  furtlicr  purified  and  conveiled  into  beeswax,  il- 
luminating oils,  and  parafline. 

Manufaoioiecf    Tlic  mauufactiu'c  of  paraffinc  is  effected  by  distillation  over 

paraulne. 

direct  fire,  from  flat-bottomed  iron  retorts  holding  1,500  to 
2,000  lbs.,  the  products  of  such  working  being — 

Percent. 

Benzine 2  to    8 

Nophtha 15  to  20 

Paraffine 36  to  50 

Heavy  lubricating  oils 15  to  20 

Coke 10  to  20 

The  paraffiue  is  pressed,  treated  with  sulphuric  acid  and 
caustic  soda,  filtered  through  paper  and  fine  animal  char- 
coal, and  manufactured  into  caudles.    (Grabowsky). 
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BXHIBITOES  OF  CHEMICAL  PRODUCTS. 


AUSTRIA-HUNOART.  AusnuA-Hinf 

OAltT. 


The  chemical  industries  of  this  empire  still  rests  behind ,  chomiciu    in- 
those  of  France,  Germany,  and  Great  Britain,  and  are  far  tb<M»  of  France, 

Germany,       and 

from  attaining  a  relation  commensarate  with  the  extent  of  Britain, 
the  country  and  its  natural  wealth  in  natural  products.    A 
few  of  the  leading  establishments  are  fully  abreast  of  the 
nations   in  the  rapid  march  of  improvement  in  chemical 
technology ;  many  of  them,  however,  retain  methods  and 
processes  long  since  discarded  in  Western  Europe.    A])art 
form  a  number  of  small  estabUshments  for  the  production 
of  tartar  and  potash,  Austria  contains  85  chemical  works,        Eigfatyflve 
situated  chiefly  in  Bohemia,  Silesia,  and  lower  Austria.    The  in  Bohemia,  sue- 
apparently  unlimited  supplies  of  salt  and  pyrites  of  iron  luHtria.     **^^ 
form  the  basis  of  most  of  these  manufacturing  interests. 
While  more  than  exceeding  the  home  demand  for  sulphuric 
and  other  acids,  Austria's  alkali  production  is  still  insuffi- 
cient, and  the  deficiency  is  met  by  importation  mainly  from 
England. 

The  chief  products,  according  to  statistics  taken  from  the  Locaiitiea  and 
census  of  1870 — since  which  time  there  has  been  a  notable  in-  chief  obomioai 
crease  in  many  branches — are:  Sulphuric  acid,  annual  pro-^ 
duction,  over  40,000,000  kilos ;  seats  of  thisindustry  being 
at  or  in  the  neighborhood  of  the  following  places :  Vienna, 
Voralberg,  Silesia,  Wiirbenthal,  Hruschau,  Petrowitz,  Bo- 
hemia, Aussig,  Prague,  E^uau,  Kralup,  etc.  Nordhausen 
sulphuric  acid  is  produced  at  the  establishment  of  Stark,  in 
Bohemia,  to  the  amount  of  1,720,000  kilos  per  annum ;  hy- 
drochloric acid,  30,000,000  kUos ;  nitric  acid,  3,000,000  kilos ; 
sulphate  of  soda,  16,946,500  kilos;  soda  crystals,  3,221,600 
kUos ;  calcined  soda,  7,291,100  kilos,  in  Bohemia  and  Silesia; 
bicarbonate  of  soda,  234,400  kilos ;  caustic  soda,  526,000  kilos ; 
caustic  soda-lye,  66,000  kilos;  chloride  of  lime,  1,400,000 
kilos ;  nitrate  of  potash,  1,050,000  kilos,  and  nitrate  of  soda, 
5,600  kilos,  in  Simmering,  Hrastning,  Prague,  Carolinenthal, 
Welwam,  and  Triest ;  yellow  prussiate  of  potash,  470,000 
kilos,  in  Brilnn,  Drozdov,  and  Vienna ;  arseniate  of  potas- 
sium, 5,600  kilos ;  bichromate  of  potass.,  112,000 ;  sulphate 
and  hydrochlorate  of  ammonia,  210,000  kilos;  hyposulphite 
of  ammonia,  43,000  kilos;  hyposulphite  of  soda,  75,000 
kilos ;  sulphate  of  magnesia,  16,800  kilos ;  acetate  of  lead, 
590,000  kilos;  acetate  of  iron,  101,000  kilos;  acetate  of  alu- 
mina, 33,000  kilos ;  acetate  of  calcium,  30,000  kilos ;  acetate 
of  sodium,  072  kilos;  sulphate  of  copper,  65,000  kilos;  sul- 
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pliate  of  zinc,  8,000  kilos;  ammonia  alum,  56,000  kilos ;  ni- 
trate of  iron, 560 kilos;  mercury  salts, 3,360  kilos ;  tin  salts, 
106,000  kilos ;  nitrate  of  zinc,  840  kilos ;  tartrate  of  potas- 
sium, 218,000  kilos;  double  tartrate  of  sodium  and  iK)tas- 
slum,  9,800  kilos ;  tartaric  acid,  23,000  kilos. 

Auatria'schem-  At  prcscnt  Austria  imports  6,765,000  kilos  of  sulphur; 
pro  ucts.  4^737  Q^Q  j^n^g  ^^  nitrate  of  soda;  11,870,800  kilos  of  car- 
bonate of  soda  in  various  forms ;  668,100  kilos  of  sulphate 
and  bisulphate  of  soda ;  2,158,6(10  kilos  of  chloride  of  potas- 
sium; 1,971,000  kilos  of  chloride  of  lime ;  and  403,000  kUos 
of  caustic  soda. 

chemicaiworks     The  most  Important  chemical  works  of  the  Austrian  Em- 

of  tho  Empire.         .  ,     , 

pure  represented  were : 
Oeaterreichor     Ocsteneicher  Verciu  fur  Chymische  und  Metallnrgische 

luifloho  uDd  Mot^  Productiou,  Aussig  and  Kralup,  Dr.  Max  Schaffner,  director, 

well  known  by  his  method  for  the  regeneration  of  sulphur: 

ner. '  '  This  establishment,  which  is  the  most  extensive  of  the  Aus- 
trian soda  works,  and  one  of  the  most  complete  in  Europe, 
exhibited  all  the  products  of  the  soda  industry.  The  an- 
nual production  of  this  company  is : 

Kilos. 

AnDoalprodiio-Salphurioacid 17,500,000 

****■*•  Crude  sulphate  of  soda 15,000,000 

Crystallized  sulphate  of  soda 500, 000 

Calcined  soda 6,250,COC» 

Soda  crystals 3,000,000 

Caustic  soda 1,500,000 

Hydrochloric  acid 21,750,000 

Chloride  of  lime 2,500,000 

Nitric  acid 1,500,000 

Superphosphates 2,500,000 

Hyposulphite  of  soda 500,  COO 

Sulphur,  recovered  from  residues 1, 000, 000 

Bicarbonate  of  soda 400, 000 

Chlorate  of  potash 50,000 

Chloride  of  barium 500,000 

Sulphideof  sodium 400,000 

The  establishment  was  founded  in  1857,  has  a  capital  of 
$2,500,000,  and  the  value  of  its  annual  productions  amounts 
to  $1,500,000;  2,000  workmen,  and  engines  with  500hoise 
power,  find  occupation  here.  Large  quantities  of  thallium 
are  obtained  as  a  by-product  from  the  Westphalian  pyrites 
used.  The  exhibits  included  a  fine  model  of  the  tower  em- 
ployed for  the  condensation  of  the  hydrochloric  acid. 
8©  bSl^^STco^  Wagenmann,  Seybel,  &  Co.,  Vienna :  Works  founded  in 
Yienna.  '  1828  J  employ  200  workmen.    This  manufactory  possesses 

six  series  of  vitriol  chambers,  with  three  of  which  pyrites  are 
used ;  with  two,  Syciiian  sulphur ;  and  with  one,  sulphur  re- 
generated by  Laming's  method.    In  the  latter  process  pru. 
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siate  of  potash  and  ammonia  salts  are  prepared  from  tlie    alstbia-hux- 


OAUY. 


mass  before  it  is  roasted.   The  yearly  production  is  7,000,000  — 
kilos  of  sulphuric  acid.    Four  platinum  stills,  representing  ^ori.^  chemicaj 
a  value  of  $50,000,  are  used  for  the  concentration  of  the 
acid.    From  the  Vienna  gas- waters  the  establishment  pre- 
pares yearly  100,000  kilos  of  caustic  ammonia  and  300,000 
kilos  of  ammonia  salts ;  from  the  treatment  of  Styrian  spa-      wagenmann, 
thic  iron  with  sulphuric  acid,  300,000  kilos  of  ferrous  sul-    * 
phate,  and,  in  addition,  1,600,000  kilos  of  hydrochloric  acid, 
1,500,000  kilos  of  nitric  acid,  40,000  kilos  of  tin  salts,  00,000 
kilos  of  sulphate  of  copper,  75,000  kilos  of  acetate  of  lead, 
etc.    An  important  article  in  the  list  of  the  products  of 
this  manufactory  is  tartaric  acid,  prepared  from  the  pressed 
and  dried  lees  of  wine,  an  industry  create<l  mainly  by  the 
researches  and  efforts  of  E.  Seybel.    The  annual  i)roduction 
of  this  substance  is  224,000  kilos,  most  of  which  is  exported 
to  Bussia. 

L.  Roller,  Briinn :  This  manufacturer  makes  a  specialty        l.  E(m«r, 
of  tartaric  acid  and  its  salts.    His  exhibit  was  tartrate  of 
calcium. 

F.  C.  Schwab,  Pettau :  Befiuer  of  sulphur  and  saltpeter,    f.  c.  sohwab, 
Annual  production  400,000  kilos  of  refined  sulx)hur,  and   *    ^ 
60,000  kilos  of  saltpeter. 

Consorzio  delle  Saline  di  Pirano,  Istria :  Crude  and  re-    Conaorzio  dene 
fined  salts  obtained  from  sea- water,  bromine,  chloride  of  utrS! 
lime,  sulphate  of  soda,  and  sulphuric  acid.    Value  of  annual 
production,  $50,000. 

B.  Margulies  &  Co.,  Vienna :  Ammonia  and  its  salts  and    b.  MarguUes  &, 

,.       ,  Co.,  VienDA. 

saltpeter. 
Comniitteeof  Upper  Austria,  lodbad  Hiill :  Salts  of  iodine.    Committee   of 
Imperial  Department  of  Agriculture,  Vienna :  Uranium    imp.  Dept  of 

-  Agric. 

salts. 

Imperial  Department  of  Mines,  Vienna :  Mercury,  cinna-    imp.  Dept  of 
bar,  salts  of  uranium  and  of  vanadium. 

Cassoni  &  Calatta,  Val  di  Ledro :  Magnesia  and  salts  of,  caaaoni  &  co- 

'  ^  latto,  Val  di  Le- 

magnesia.  dio. 

Societds  des  Chemins  de  Fer  de  l'£tat :  The  establish-  Soc  dea  che. 
ments  of  the  company  in  Moldova,  Hungary,  exhibited  sul-  rfiut.  ®  ®'  ® 
phuric  acid,  sulphates  of  soda  and  copper.  The  annual  ca- 
pacity of  the  sulphuric  acid  works  is  1,500,000  kilos ;  30,000 
kilos  of  sulphate  of  soda  are  manufactured  from  nitrate 
of  soda.  The  yearly  yield  of  sulphate  of  copper  is  207,000 
kilos,  and  263  kilos  of  silver  are  obtained  from  the  argen- 
tiferous residues  of  the  manufacture. 

Societe  Hongroise  pour  le  Lavage  des  Laines,  Buda-Pest    soo.  Hoogroiae 
Exhibited  potash  obtained  from  suint  of  wool.    Cream  of  Eoinea.  B«a.Pea? 


y 


\ 
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tartar  was  exhibited  by  a  number  of  Hungarian  establish- 
ments. 

BELGIUM.  BELGIUM. 


In  Belgium,  notwithstanding  its  vast  deposits  of  coal,  the 

chemioai  vaiious  chemical  industries  occupy  a  comparatively  subor- 

dinate  position.    The  establishments,  although  numerically 

NumoriooUy  few,  are  still,  individually,  of  considerable  extent,  and  the 

few,  but  of  oon-,        '  ,   .  ^     .      ^      i      •      i  i       i  .      ..  ,, 

sideraUe  extent,  latest  improvements  m  technical  methods  are  in  full  opera- 
tion. The  annual  production  of  sulphuric  ucid  is  about 
30,000,000  kilos.  The  soda  industry,  so  important  to  the 
extensive  glass  manufactures  of  Belgium,  stands  at  a  high 
point  of  perfection.  The  leading  exhibit  was  naturally  that 
of— 

Co^uto?  *  ^***'     Ernest  Solvay  &  Co.,  of  Oouillet :   This  establishment, 

founded  in  1865,  is  the  one  in  which  the  practicability  of 
the  new  ammonia-soda  process  was  first  successfully  demon- 
stated.  They  sent  a  fine  exhibit  of  the  various  products  by 
this  method,  including  hydrochloric  acid  obtained  from  the 
residual  chloride  of  calcium,  and  a  series  of  plans  of  appa- 
nitus  for  regeuerating  the  ammonia  used  in  the  process. 
One  hundred  and  ten  workmen  are  employed,  and  the  an- 
nual production  of  soda  amounts  to  7,500,000  kilos. 
E»b.  del  Pro-     FabriquedesProduitsChiiiiiquesd'Auvelais  manufactures 

dniU  Chimiques 

d'AuTeiois.  sulphuric  and  hydrochloric  acids,  sulphate  of  soda,  and  phos- 
phates. This  establishment,  founded  in  1851,  employs  160 
workmen,  possesess  10  vitriol  chambers,  and  produces  annu- 
ally acid  valued  at  $400,000.  It  is  well  known  for  the  enter- 
prise manifested  in  the  introduction  of  very  perfect  arrange- 
iQpnts  for  the  condensation  of  the  hydrochloric  acid  vapors. 

Sjfc  ADon.  do  8oci6t4  Anouymc  de  B61ian,  Mesvin :  Acids,  so<la,  phos- 
phates. 

David  sc  Co.,     David  &  Co.,  Moustier:  Pure  soda  salts,  especially  bisul- 

MouAticr.  *  /        fc  ./ 

phite,  hyposulphite,  sulphydrate,  and  phosphate  of  sodiu 
KLaiinoy.FiU*,     E.  Lauuoy,  FUs,  &  Co.,  Brusscls :   Neutral  sulphate  of 

&  Co.,  Bruaaelii.       ,         .  "^  '  ' 

alumina. 
Koch  St  Riiis,     Koch  &  Rcis,  Auvcrs,  Exhibited  fine  specimens  of  refined 
sulphur.    The  estabhshment  was  erected  in  1808,  and  em- 
ploys 80  workmen,  who  attend  16  furnaces;  its  annual  pro- 
duction is  6,000,000  kUos. 
verzyi  sc  Co.,     Vcrzyl  &  Co.,  Wilscle.   Exhibited  specimens  of  their  salt- 
**^  '  peter  refined  to  ruhmj  '^^^  soda  manufactured  by  the  am- 

monia process, 
usines  des     IJsines  dcs  Moulius,  Ghent :  Soda  and  sulphate  of  soda, 

ICoulisA,  Ghent.      *  t      *  t         i*        i*  ii*j         /*i*  11        •  •j.*  j% 

chloride  of  calcium,  chloride  of  lime,  sulphuric,  nitric,  and 
hydrochloric  acids,  sulphate  of  iron,  acetic  acid,  phenol, 
benzine,  nitix)-benzine,  and  salicylic  acid. 
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CANADA.  c^APA. 

Various  general  chemical  products  were  exhibited  by  J.  Chemical 

Davids,  Toronto;  Lyman  Bros.  &  Co.,  Toronto;  H.  J.  Bose, 
Toronto;  Lyman,  Clare  &  Co.,  of  Montreal,  who  showed 
potashes ;  and  the  Chemical  Works  of  Brockville,  nitric,  sul- 
phuric, and  hydrochloric  acid. 

DENMARK. 


Denmark  was  represented  by  her  two  principal  manu-  chemicni 

«      .      .  works. 

factories : 

Fredens-Molle,  Amac :  Established  in  1822 ;  employs  225    FredcM.M«iio, 
workmen,  and  turns  out  $640,000  worth  of  products  annu- 
ally, consisting  of  sulphuric  acid  and  superphosphates. 

Hagemann  &  Jorgensen,  Copenhagen:  Established  in    HftRemnnn  & 
1856,  and  gives  emx)loyment  to  80  operatives.    Annual  pro-  peSagcn.' 
duction  valued  at  $160,000.    This  manufactory  was  the  first 
to  extract  soda  from  cryolite  coming  from  the  vast  deposits 
in  Greenland .    At  present  it  uses  up  2,000,000  of  the  8,000,000   CryoUte  todn.. 
kilos  shipped  from  Arkut.    The  cryolite  used,  containing 
84  to  88  per  cent,  of  fluoride  of  aluminum  and  sodium — AIF3, 
3KaF — ^yields  on  heating  with  carbonate  of  lime  13  per  cent, 
of  alumina  and  60  per  cent,  of  soda.    This  yield  is  aug- 
mented, however,  to  13  per  cent,  of  alumina  and  70  per  cent, 
of  soda  by  adding  a  certain  amount  of  fluorspar  to  the  mix- 
ture.   There  are  but  three  other  establishments  engaged  in    Bauxite  taper. 

scding  cryolite. 

the  cryolite-soda  industry,  bauxite  having  taken  its  place 
in  the  five  German  manufactories,  which  ten  years  ago  were 
occupied  with  this  material.  The  exhibits  included  soda 
crystals,  hydrate  of  alumina,  fluoride  of  calcium,  sulphate 
of  alumina,  and  pure  cryolite. 

FRANCE.  PEANCB. 


In  France  nearly  every  branch  of  chemical  industry  is  in    chemical    in- 
successful  operation  and  at  a  well-advanced  stage  of  per-  devliopU.  ^  ^ 
fection ;  a  result  due  to  her  varied  forms  of  natural  wealth, 
her  maritime  advantages,  and  to  the  fact  of  having  been 
the  cradle  of  modern  chemistry.    As  the  measure  of  the 
growth  of  technical  chemistry  in  this  country  during  the 
past  few  years  wt  can  take  the  annual  production  of  sul-    Product  of  sai- 
phuric  acid,  which  has  risen  from  90,000,000  kilos  in  1867^^"^^*^***' 
to  150,0110,000  kilos  in  1877. 

The  annual  production  of  soda  is  over  175,000,000  kilos,    Soda,    axmuai 
representing  a  value  of  $6,000,000.    This,  however,  is  insuffi-  p^**"^***^- 
cient  for  the  wants  of  the  country,  and  11,000,000  kilos  are    importa. 
imported  from  England  annually.  The  number  of  soda  works 
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FRAxcE.  ii^  ninety-six,  giving  employment  to  5,162  operatives  and 
Chemical  in- 1,000  borse  powcF.  The  amount  of  salt  used  in  the  soda 
"*   ***  and   other  works  is   120,000,000  kilos  annually,  and  the 

yearly  importation   of   sulphur  is  over  40,000,000    kilos. 
Several  branches  of  chemical  industry  which  have  been 
practically  created  and  perfected  in  France,  notably  the 
preparation  of  potash  salts  from  the  mother-liquors  of  the 
Kelp  indastry.  Salt  gardens  and  the  kelp  industry,  are  now  battling  against 
severe  odds ;  the  one  against  the  natui-al  deposits  of  potash 
in  Central  Europe,  the  other  against  the  deposits  of  iodine- 
bearing  salts  in  Peru.    Among  the  more  recently  introduced 
Bonvx    indna- industries  should  be  mentioned  that  of  borax,  dating  from 
^'immonUBodft.  1869,  the  ammouia-soda  manufacture,  and  the  preparation 

SuiphcMjarbo.  of  the  vast  quantities  of  sulpho-carbonates  required  to  corn- 
nates  tor  combat-      ,  . ,      ,        ,  j_.        ,    „ 
ingph.iioxcra.    bat  tlic  devastating  phylloxera. 

pronch  alow  to     As  a  rulc  the  French  manufacturers  are  slow  in  adopting 
prociaac"^"*^    the  improvcmcuts  so  rapidly  introduced  by  their  neighbors 

to  the  north  and  the  ea«t.    As  yet  none  of  the  labor-saving 

iiirnaces  of  the  English   soda  works  have  been  adopted 

across  the  channel,  and  such  improved  processes  as  Weldon's 

for  the  regeneration  of  oxide  of  manganese,  or  the  use  of  the 

Glover  tower,  have  but  recently  secured  a  general  recog- 

The  PreDch  nition.    The  section  of  chemical  products  on  the  French 

complete  °  "ami  side  was  amoug  the  most  complete  in  the  division,  and  in 

taateftii.  extcut,  Variety,  and  tasteful  display  was  unapproached  by 

that  of  any  other  nation. 
Chemical     Boud6  &  Fils,  Marseilles :  Established  in  1850;  one  of  the 
Bomw  &  Fiia,  largest  of  the  French  sulphur  refineries.    They  have  ten 

MaraoiUea  x  ./ 

fumfices  and  condensers,  with  a  daily  capacity  of  production 
of  14,000  kilos  of  flowers  of  sulphur  and  8,000  kilos  of  roll 
sulphur.  Their  mills  turn  out  daily  10,000  kilos  of  ground 
suli)liur.  Annual  production,  6,500,000  kilos  of  refined  sul- 
phur, being  one  fourth  of  the  total  amount  used  in  France. 
The  loss  of  sulphur  in  the  process  of  refining  has  decreased 
from  10  per  cent,  in  1800  to  between  3  and  4  per  cent,  at 
present.  Thirty  to  40  kilos  of  coal  are  required  for  each 
100  kilos  of  refin  'd  sulphur. 

B.  CroB,  Nar-     B.  Cros,  Narbounc :  Factory  established  in  1856.    This  is 

^*  one  of  the  chief  establishments  for  pulverizing  the  crude 

sulphur  used  in  the  vineyards.    The  annual  production  of 

this  work  is  2,400,000  kilos  of  refined  and  6,200,000  kilos  of 

pulverized  sulphur. 

o.u«ruard,Mar.     O.  Beuavd,  Marseilles.  Exhibited  handsome  specimens  of 

«t>illca. 

crude  and  refined  sulphur  and  compounds  of  it  with  other 
substances, 
pj^r*  ^  *"**     Deiss  &  Fils,  Paris :  Established  in  1848 ;  exhibited  bisul- 


CHEMICAL   PROCESSES:    COMMISSIONER   JENKINS.  79 

phide  of  carbon  apparatus  for  the  extraction  of  oil  from  the       "^^^^^k. 
I'esidues  of  the  olive  presses,  of  the  candle  factories,  etc. ;  <^*«»«»^  «N>rA». 
cyanide  of  potassium,  chloride  of  sulphur,  sulphocarbonates 
of  the  alkiilies.    The  method  of  E.  Deiss  for  the  manufact-  „i>?*»  ^  ^^ 

Pans. 

ure  of  bisulphide  of  carbon  was  introduced  thirty  years  ago, 

and  has  brought  down  the  price  of  this  article  from  $12  to    Bisulphide   of 

12  cents  the  kilo.    The  present  yearly  production  of  800,000  to onehuudredth 

kilos  is  consumed  almost  entirely  in  the  vineyards  of  France, 

to  combat  the  army  of  phylloxera,  which  seriously  threatens 

the  very  existence  of  the  vine  in  that  country. 

J.  Blondel,  Marseilles:  This  establishment  was  founded ^^^^'^^^o'^^®^ 
by  Berthollet.    Its  exhibits  consisted  of  sulphuric  and  nitric 
acids,  soda,  and  anhydrous  sulphate  of  soda,  in  the  manu- 
facture of  which  it  is  engaged  on  a  large  scale. 

Cazalis  &  Leenhardt,  Montpellier.  Manufacture  3,000,000  jy^'^JjiJi^* 
kilos  of  sulphuric  acid  annually  from  Sicilian  sulphur,  uer.  ' 
Besides  this  product  they  exhibit  bauxite  containing  60  per 
cent,  of  soluble  alumina ;  tartaric  acid  (annual  production 
50,000  kilos);  crude  salt  from  the  mother-liquors  of  the 
salines,  extracted  by  Balard's  process,  and  used  for  the 
manufiicture  of  alum;  pure  alum  free  from  iron  and  uncom- 
bincd  acid  (annual  production  of  pure  alum  40,000  kilos  and 
of  common  alum  80,000  kilos). 

Oompagnie  des  Salines  du  Midi,  Montpellier:  Calcined ,Comp.  des  Sa^ 

'  lines    da    Midi, 

magnesia  and  salts  obtained  from  the  mother-liquors  of  salt  Montpellier. 
works. 

Compagnie  G^n^rale  des  Produits  Chimiques  du  Midi,^^^?-^®"*^!^" 
Marseilles :  Soda  and  oxide  of  manganese.  Midi. 

Duchemin  &  Chouillon,  Uouen.  Exhibited  various  prod-  Dnchemin  &. 
acts  of  the  soda  manufacture  and  specimens  of  their  super  en"**  ""'  ^'**"' 
phosphates. 

Gautier  &  Mairesse,  Pierre-B^nite :    Soda  preparations,    Gaatier  &  Ma. 

riesse  Pierre-B^- 

caustic  potash,  sulphide  of  potassium,  bichromate  of  pot-  nite.  ' 
assa,  regenerated  from  the  residues  coming  from  the  oxida- 
tion of  anthracene  to  anthraquinone  in  the  artificial  aliza- 
rine manufactures;  chloroform,  ether,  etc. 

Soci<^t<^»  Anonyme  de  Croix,  near  Eoubaix :  Salts  of  potash,    Soc.  Anon,  de 

j_,  A      i_       X  Croix,  Roubaix. 

caustic  potash,  etc. 

Soci^t6 Anonyj?ic  des  ProduitsChimiqnes(ttablesscments ^^Jjj  tosJjiikS 
Maletra)  was  represented  by  an  excellent  exhibition  of  most*™)- 
of  the  products  of  the  soda  industry,  caustic  soda,  the 
mineral  acids,  chlorates,  sulphate  of  soda,  chloride  of  man- 
ganese, and  salts  of  various  other  metals.  Eegeneration  of 
oxide  of  manganese  by  Weldon's  method  was  shown  by 
means  of  diagrams  and  drawings. 


maim 
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"^<^  Soci6td  Anonyme  des  Produita  Obimiqnes  du  Nord,  Lille: 

oh€m(cai  vwrkt.  Tbis  famous  establishment  presented  a  fine  exhibit  of  all  the 
Prodnits     Chi-  products  Connected  with  the  soda  industry ;  oxide  of  man- 
Lifle!*  ^         ganese,  superphosphates,  lead  and  barium  salts.     C.  F. 
c.^  p.   Kuhi- Kuhlmann,  the  director  and  chief  proprietor  of  the  exten- 
sive works  of  this  company,  stands  unquestionably  at  the 
head  of  French  chemical  manufacturers.    Since  his  first  dis- 
covery, in  1823,  of  two  distinct  coloring  matters  iu  madder, 
he  has  enriched  nearly  every  branch  of  applied  chemistry 
by  his  numerous  contributions  of  new  facts.     It  is  only 
necessary  to  allude  to  the  introduction  of  the  principle  of 
saturation  into  the  manufacture  of  sugar,  the  application  of 
crystallization  for  technical  purposes,  the  methods  for  sav- 
ing potash  salts  in  waste  products,  for  producing  nitrates 
and  artificial  manures,  and  finally  the  creation  of  tlie  baryta 
industry,  which  has  grown  to  enormous  proportions  and  is 
of  immense  value  to  France. 
Soc.  Anon.     Soci6t4  Anon\'me  de  Sambre  et  Meuse,  Hautmont:  This 

de     Sunbre     et 

MeiiBo,      Hant.  company  was  organized  in  1857,  with  a  capital  of  $720,000. 

Handsome  exhibit  of  all  the  soda  products  and  numerous 
superphosphates.    The  company  owns  large  mines  of  py- 
rites at  Philippeville,  Belgium,  whi>*,h  are  worked  by  70 
statistics  of  miners.    In  the  establishment  at  Hautmont  there  are  265 
ytoidT^'^'**  *°*^  operatives;  enguies  of  300  horse-power ;  0  vitriol  chambers, 

containing  in  all  16,000  cubic  meters  ;  a  platinum  evapora- 
tor capable  of  yielding  daily  9,000  kilos  of  sulphuric  acid 
The  apparatus,  at  66^  B.;  Th^lcu's  appanitus  for  evaporating  solutions  of 
crude  soda ;  8  furnaces  for  the  preparation  of  sulphate  of 
soda,  and  4  for  converting  the  sulphate  into  crude  soda. 
Weldon's  method  for  the  regeneration  of  oxide  of  manga- 
Consumpiionof  nese  is  used  in  these  works.    The  annual  consumption  of 
WW  materiaL      ^^^  material  here  is : 

Kilos. 

Pyrites 7,000,000 

Coal 15,000,000 

Salt 6,500,000 

Annual  pro-     The  auuual  product  is : 

duct.  Kilos. 

Sulphuric  acid,  of  which  2,000,000  kilos  are  sold 9, 000, 000 

Ordinary  sulphate  of  soda 6, 500, 000 

Refined  sulphate  of  soda 1,200,000 

Hydrochloric  acid 10,000,000 

Caustic  soda 1,000,000 

Soda  crystals 2,500,000 

Saltsof  soda 1,800,000 

Chloride  of  limo 1,000,000 

Sulphur,  regenerated 250, 000 

Superphosphates 1,500,000 

Precipitated  phosphates 1,000,000 
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Soci^t^  Anonyme  des  Soudi&res  du  Griffon,  Marseilles :      v^^iscb. 
This  company  exhibited  fine  specimens  of  soda  prepared  by  OkemieaUvforHs. 
the  ammonia  process  with  Boulevard's  apparatus.    The  an-  ^^  s^S^^dn 
nual  production  of  their  works  is  3,600,000  kilos  of  soda.  Griffon.  Morseu- 
The  ammonia  required  to  carry  out  the  process  is  obtained 
firom  the  Marseilles  Gas  Works. 

L.  Thomas  &  Co.,  Paris :  Exhibit  consisted  of  "  Jarel  ^  l.  Thomi.  a, 

'  Co.,  Paris. 

water"  (for  bleaching  purposes),  prepared  by  the  reciprocal 
action  of  sulpliate  of  soda  and  chloride  of  lime  in  solutions, 
superphosphates,  siilts  of  soda,  ammonia,  copper,  etc.,  and 
selenium.  A  very  interesting  object  in  this  exhibit  was  a 
thin  sheet  of  gallium  about  8  inches  square.  It  was  of  a  GaUimn. 
light  gray  color,  and  the  crystalline  appearance  of  the  sur- 
te^ce  was  not  unlike  that  of  antimony. 

Society  des  Manufactures  des  Glaces  et  des  Produits  Chi-  a^Qit^JfjJc!'* 
miques  de  Saint-Gobain,  Chauny,  and  Cirey.  Exhibited  prod- 
ucts of  the  soda  industry,  chlorate  of  potash,  alum,  etc.    stoobain. 
This  establishment,  renowned  for  its  immense  and  perfect 
mirrors,  has,  by  union  with  a  firm  at  Lyon  possessing  the 
fiamous  pyrites  works  of  Chessy  and  St.-Bel,  and  numerous 
soda  and  sulphuric  acid  factories,  attained  proportions  far    soda  and  tni. 
surpassing  those  of  any  other  undertaking  in  the  chemical  todea? 
industries  of  France.    The  various  works  of  the  company 
admit  of  an  aggregate  daily  production  of  200,000  kilos  of 
sulphuric  acid.    The  pyrites  of  St.-Bel  are  almost  pure  sul- 
phide of  iron,  containing  less  than  one  per  cent,  of  impuri- 
ties.   The  attempt  has  been  made  to  use  the  i*esidues  for 
the  manufacture  of  iron  by  first  roasting  them  with  salt 
and  extracting  the  sulphur  and  copper  present  in  the  form 
of  sulphate  of  soda  and  chloride  of  copper,  but  is  appar- 
ently not  continued  at  present. 

Solvay  &  Co.,  Varang6ville-Dombasle :    Established  in  i^iv»y  & 

1873,  and  emx)loy  500  operatives.  The  French  branch  of  viii'cDombaaie. 
this  company  is  conducted  on  a  much  larger  scale  than 
the  Belgian  mother  establishment,  the  former  producing 
20,000,000  kilos  of  soda  annually,  the  latter  but  7,500,000. 
The  exhibit  was  small  and  by  no  means  attractive,  being 
confined  to  soda,  chloride  of  calcium,  etc.,  the  simplicity  of 
the  process  giving  no  opportunity  for  the  manufacture  of 
the  numerous  by-products  hitherto  arising  from  soda  works. 

F.  Tissier,  Finistfere:  This  establishment  was  the  first  f.  TUwier,  Fin. 
(1829)  to  commence  the  manufacture  of  iodine  from  sea-  '  ^ 
weed,  and  is  at  present  the  most  important  of  those  engaged 
Id  this  branch  of  manufacture.  Its  annual  x>roduction  of 
iodine  and  iodide  of  potassium  amounts  to  18,000  kilos, 
3,000  kilos  of  bromine  and  bromide  of  potassium.  There 
G  p  R VOL  4 
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;•  "^^^'-       was  in  addition  exhibits  of  other  iodides  and  bromides  and 

Ohenueaivxtrtt.  nitrate,  sulphate,  and  chloride  of  potassium. 
^pCM^A  Co..     carof  &  Co.,  Finisttee:  This  factory  was  established  in 

^  1858,  and   now  i)roduces  aunuaUy  from  260,000  kilos  of 

I  kelp— 

}  Xfloft. 

)                                                            Chloride  of  sodium 58,500 

\                                                          Chloride  of  potasMnm 55,250 

Sulphate  of  potassimn 24,960 

Iodine 2,665 


'■  This  house  imports  large  quantities  of  bromine  for  the 

\  preparation  of  bromide  of  potassium.    Exhibit  consisted  of 

raw  materials  of  the  iodine  manufacture  and  the  finished 

product. 

^^lakotFrtree,     Glaizot  Fr^pes,  Abervrach.    Employ  12  workmen,  and 

;  produce  annually  1,200,000  kilos  of  kelp.    They  exhibited 

I  crude  and  pure  iodine,  salts  of  iodine  and  bromine  of  very 

fine  quality,  and  sulphate  of  potassa. 
DeLdoiase-     Dc  I'Sicluse-Tr^voMal  Frferes,  Audifeme:  This  establish- 
res,  AudiAme.    mcut  was  fouuded  iu  1872,  and  now  gives  employment  to  50 
operatives,  who  annually  turn  into  commerce  the  following 
amounts  of  products : 

Kilos. 

Aniiiialprodao- Chloride  of  potasBium 300,000 

*^^'  Sulphate  of  potash 150,000 

I  Chloride  of  sodium  600,000 

Iodine  (most  of  which  is  converted  into  iodide  of  potassium) . .  10, 000 
Bromine 1,500 

Consumption     The  annual  consumption  of  raw  material  is : 

.ofrawmsterial.  Kilos. 

Kelp  (for  the  production  aud  transportation  of  which  2,500 

persons  are  engaji;ed)  2,000,000 

Hydrochloric  acid 25,000 

Sulphuric  acid 25,000 

Potash 8,000 

Chlorate  of  potash 2,000 

Nitric  acid 500 

Coal 1,500,000 

These  figures  give  a  pretty  fair  representation  of  the 
character  and  extent  of  the  operations  in  French  varech 
works.    This  firm  displayed  a  collection  of  very  fine  speci- 
mens of  their  products. 
Peiiieux     P^Hieux  &  Maz^-Lauuay,  Kerhuon.   Commenced  their  in- 
^^wu^Liumsy,  dustry  in  1867,  and  the  establishment  now  obtains  880  kilos 

of  iodine  from  84,000  kilos  of  kelp  monthly.  They  made 
very  interesting  exhibits  of  the  divers  varieties  of  varech, 
classified  according  to  the  percentages  of  iodine  contained 
in  them,  as  well  as  iodine,  bromine,  iodides,  and  potash  ter- 
tilizers. 
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Paisant  &  Co.,  Pont-P AbM :  In  this  factory,  which  was       ^^^"- 
established  in  1840, 1,200,000  to  2,000,000  kilos  of  kelp  are  ohemioain>aru 
changed  annually  into  iodides,  bromides,  chlorides,  and  sul- p^^J^bi^.^*** 
phate  of  potassium  and  chloride  of  sodium.    Sulphide  of 
potxissium  is  also  produced  in  considerable  quantity  here 
for  the  preparation  of  sulpho-carbonate  of  potash,  which  is 
sold  ibr  use  in  the  vineyards. 

A.  Eoques,  Paris:  Established  in  1846,  and  now  givesA.Roqa«8,rari8. 
employment  to  30  operatives  in  the  refining  of  camphor, 
resublimation  of  ioiline,  and  the  conversion  of  iodine  and 
bromine  into  their  potassium  salts.    His  annual  production 
is  5,500  kilos  resublimed  iodine,  30,000  kilos  iodide  of  po-  camphor, 

tassium,  14,000  kilos  bromide  of  potassium,  and  235,000  J^SS.^  "**  ^^ 
kilos  refined  cami)hor.  The  subliming  flasks  for  the  latter 
substance  are  made  on  the  premises,  and  are  consumed  in 
immense  numbers,  since  each  receptacle  can  only  be  used 
for  one  operation,  and  must  be  broken  to  release  the  flat 
cake  of  camphor.  The  exhibit  of  the  products  of  this  house 
was  exceedingly  handsome. 

A.  Lefeb>Te,  Corbehem.    Exhibited  potash  and  salts  of     a.  Lefebyre, 
potassium,  rubidium,  extracted  from  the  residues  of  the 
beet-root  sugar  manufacture,  after  having  first  served  for 
the  production  of  alcohol. 

Savary  &  Co.,  Kesle.   Displayed  raw  materials  and  fin-    savary  &.  co., 
ished  products  connected  with  the  distillation  of  beet-root 
molasses,  potash,  and  salts  recovered  from  the  residues. 

E.  Porion,  TVardrecques :  Salts  obtained  from  the  residues  ^   ,  e.  poHod, 

'  *  Wardrecquc. 

of  the  alcohol  manufacture ;  carbonate  of  potash  contain- 
ing 95  per  cent,  of  pure  carbonate. 

A.  Nugues,  Saint  Saulve-les-Valenciennes :  Potash  from    .    e-Nurum, 
the  beet-root  residues ;  carbonate  of  potash,  92  per  cent,  vaiencienne*. 
annual  production;  carbonate  of  potash,  80,000  kilos;  car- 
bonate of  soda,  650,000  kilos,  together  with  a  considerable 
amount  of  chloride  of  potassium. 

D^cle  &  Co.,  Rocourt.   Exhibited  alcohol  and  by-products.  ^^^^  *  ^®** 
In  this  establishment  the  residues  calcined  yield  daily  11,000 
kilos  of  crude  salts  containing  92  per  cent,  carbonate  of  i)ot- 
ash  and  1 J  per  cent,  of  carbonate  of  soda. 

liogelet,  Houzeau,  &  Co.,  Eeims.   Had  i)otash  and  saline  ^^^^^  ^°' 
matters  extracted  from  suint  of  wool.  Keims. 

C.  Desmazures  &  Co.,  Maisons-Lafiiitte :   Fabrique  estab-    c.  DeaDiisiiT«& 
lished  in  1869  with  207  horse-power,  and  manufacture  an-  Latt;.^*'**"'" 
nually  1 ,000,000  kilos  of  borax  from  Turkish  borate  of  lime. 
They  contributed  a  very  handsome  collection  of  specimens 
of  borax,  boracic  acid,  and  borate  of  manganese,  etc. 
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v^^c^-  Pechiney  &  Co.,    Salindres:    This   establishment  was 

Ohsmieaiifforki,  founded  in  1855  by  H.  Merle,  one  of  the  most  distinguished 
sSiSdwB?'^^''"  industrial  chemists  of  France,  who  died  in  July,  1877.    Af- 
ter the  discovery  of  marvelous  deposits  at  Stassfurth,  the 
very  large  interests  in  France  involved  in  the  production  of 
potash  salts  from  sea-water  by  Balard's  process  were  threat- 
Merio'8  im-  ened  with  entire  ruin.    Merle  succeeded,  however,  after  sev- 
^otaahaSS**"^^®^^^  ycars  assiduous  labor  and  study,  in  bringing  to  bear 

improvements  in  every  stage  of  the  process,  and  by  that 
means  economizing  the  operations  to  such  a  degree  as  to 
place  the  industry  on  a  footing  enabling  it  to  compete  with 
the  natural  deposits.  Valuable  improvements  in  the  coke 
towers  for  the  absorption  of  hydrochloric  acid  are  likewise 
due  to  him. 
pyritea  mines.  The  Company  possesses  pyrites  mines  in  Gkird  and  Ar- 
d^he,  worked  by  220  miners  and  160  horse-power,  raising 
annually  40,000,000  kilos  of  pyrites.  At  Giraud  it  has  ex- 
sidt  works,  tcusivc  Salt  works,  capable  of  an  annual  production  of 
100,000,000  kilos,  and  an  establishment  for  treating  the 
mother-liquors,  which  yields  annually: 

KUos. 

Sulphate  of  soda  (hydrated) 4,000,000 

Sulphate  of  magnesia 2,000,000 

Chloride  of  potassium 1,200,000 

The  two  are  worked  by  a  force  of  160  operatives  and  150 
horse-power. 
Works  at  Saiin-  The  works  at  Salindres  employ  950  operatives  and  possess 
300  horse-power.  Use  is  made  of  the  Schaflfncr-Mond  method 
for  the  regeneration  of  sulphur  and  of  Weldon's  process  for 
the  reviving  of  the  manganese  used  in  the  production  of 
chlorine. 
Consnmptipn     The  annual  consumption  of  raw  materials  is : 

of  rsw  material.  "  Xil^^ 

Coal 50,000,000 

Pyrites 15,000,000 

Salt 15,000,000 

Limestone 25,000,000 

Fossil  phosphates 1,700,000 

Chloride  of  potassium 500,000 

Bauxite 500,000 

Annual prodnc     The  annual  production  is: 

tion.  KUos. 

Soda 12,000,000 

Chloride  of  lime 2,800,000 

Chlorate  of  potassa 400,000 

Phosphate  of  lime  (precipitated) 800,000 

Sulphur  (regenerated) 600,000 

Sulphate  of  alumina 500,000 

Aluminium 1,600 

Sodium 6,000 
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The  exhibition  of  aluminiam  was  especially  noteworthy.      vt^^cm. 

Alaminium  is  now  made  chiefly  in  France,  and  only  by  chemical  work$. 
this  establishment,  it  and  the  ^^  Soci6t^  Anonyme  de  Alamin- 
ium "  are  the  most  extensive  producers  of  ornamental  and 
other  objects  from  this  metal  and  its  alloys.    M.  Pechiney  sSSdrei?^^**'' 
&  Co.  exhibited  aluminium  in  blocks,  wire,  sheets,  and  foil.    Aiaminiam. 
The  Soci6t6  Anonyme  exposed  a  great  variety  of  objects,  ^j^jj^^***  *^*^ 
from  a  thimble  and  i)ea-holder  to  complete  dinner  sets,  of 
aluminium  bronze  and  of  the  pure  metiil.    The  bronze  ap-  bron*©^'*'°*^°™ 
pears  to  find  more  favor  with  the  public  than  the  pure  metal, 
on  account,  perhaps,  of  its  lower  price  and  beautiful  golden 
color.    The  prices  of  some  of  the  articles  are  as  follows : 
Aluminium  bronze  Uiblespoons  cost  ii'om  $2  to  $2.50  each; 
teaspoons  from  $3  to  $5  per  dozen ;  pure  aluminium  thim- 
bles 25  cents  each.    A  number  of  small  articles  made  from 
woven  aluminium  wire  were  much  admired. 

Clermont  Fils,  Lemaire  &  Fischer.  Exhibited  telescopes,    cienwmt  fiu, 
opera  glasses,  and  other  optical  instruments  mounted  wholly  er. 
or  in  part  in  aluminium .   They  presented  a  novel  and  elegant    Optical  inatm- 

*  "^  *  ^         mentB  ana  balan* 

appearance  and  were  very  light.    Chemical  balances  made  ceain aluminium. 
entirely  or  in  part  of  this  metal  were  exhibited  by  A.  Collet, 
which,  when  loaded  with  100  grams  on  each  pan,  were  sen- 
sitive to  the  0.1  millegram  or  one  millionth  of  the  load  on 
each  pan;  the  price  was  2,000  francs.   Johnson, Matthey,^J<>.^2*gj»  ^«♦• 
&  Co.,  of  London,  exhitiited  coins  or  tokens  made  of  an 
alloy  of  98  parts  of  aluminium  and  2  parts  of  nickel,  which  ^i^f^"^"®* 
are  very  light,  hard,  bright,  and  not  liable  to  tarnish  like 
silver.    This  alloy  takes  and  preserves  a  liigh  polish  and 
very  sharp  impressions  when  stamped,  and  appears  well 
adapted  for  coinage.    An  alloy  of  this  metal  with  silver  is 
said  to  be  used  to  considerable  extent  in  the  manufacture 
of  some  varieties  ot  jewelry. 

Soci6t6  Anonyme  des  Produits  Chimiques  pour  les  Sciences  p^iii"  chimT 
et  rindustrie,  Paris :  This  exhibit  was  quite  interesting,  con-  qneapourioBSci. 
sistiug  of  a  large  collection  of  various  products,  such  as 
thallium  salts,  uranium  salts,  urea,  gallic  acid.  Among  the 
very  rai-e  compounds  were  noticed  specimens  of  triphenyl- 
methan  and  benzophenon,  prepan^d  by  the  new  synthetic 
method  of  Crafts  and  Friedel,  by  means  of  chloride  of  alu- 
minum. 

Pouleuc  &  Wittmann,  Paris.   Exhibited  a  fine  collection  wit<JSr"*^  * 
of  general  chemicals,  cadmium  salts,  bismuth,  permanga- 
nate of  potassa  in  very  large  crystals,  and  photographic 
chemicals. 

Tessi6  du  Motay ,  Paris :  Chemicals  for  bleaching  purposes,    xeaaid  da  mo- 
and  binoxido  of  barium.  ^^* 
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^^^<^'  Malaton  &  Co.,  Lyon :  Tartaric  and  citric  acids,  with  their 

Ohemiealioorkt,  saltS. 

Malaton  &co.,     P.  MoFcau,  Lillc :  Mineral  acids,  various  sulphates,  chic- 
le. Moreaii,Liiio.  reform,  ether,  and  a  fine  specimen  of  tannin. 
FauTO  &  Xmb-     Faure  &  Kessier,  Clermont-Ferrand :  Superphosphates, 
FcrnmcL  silico-fluorides  of  the  alkalies,  hydrofluoric  acid,  various 

derivatives  of  fluor  spar,  preparations  for  etching  on  glass, 
chlorate  of  potassa,  apparatus  for  the  concentration  of  sul- 
phuric acid  to  66<^  B.    Since  1873  this  firm  has  delivered 
siKty-two  of  their  form  of  evaporators,  ranging  in  capacity 
from  1,000  to  5,000  kilos  of  acid  per  day. 
n.Djiboi»^ap.     H.  Dubois-Caplain,  Paris:  Nitrate  of  silver,  chlorides  of 
gold,  platinum,  and  palladium,  metallic  platinum  and  pal- 
ladium. 
i>e  D^ii»^-     De  Dienheim-Brochocki,  Boulogne.    Exhibited  sulphite 
logne.  of  alumina,  disinfectants,  "chlorozone^  for  bleaching. 

BuianitABU.  Billault  &  Billaudot,  Paris:  This  establishment  was 
founded  in  1815,  and  now  gives  employment  to  60  opera- 
tives. It  exhibited  a  remarkably  fine  and  complete  collec- 
tion of  nearly  all  chemicals  required  in  the  arts  and  sciences. 
Superb  exhibit.  It  was  a  sui)erb  display  and  surpassed  by  far  any  general 
exhibition  of  chemicals  in  the  Exposition.  Especially  note- 
worthy were  the  rich  and  brilliant  crystals  of  bismuth, 
erythrit,  and  a  number  of  double  cyanides  of  platinum 
with  other  metals ;  osmic  acid,  indigotine,  citrate  of  iron, 
subnitrate  of  bismuth,  tannin,  gallic  acid  (serving  for  the 
manufacture  of  pyrogallic  acM,  now  extensively  used  for  the 
fabrication  of  some  new  and  very  beautiful  coloring  mat- 
ters), chloiate  of  biuium,  phosphide  of  calcium,  etc. 
pSid^rat^™"'  Bordet  Frferes,  Froidvent :  Acetic  acid  and  various  ace- 
tates, 
comus  Frdjpes,     Camus  Fr6res,  Nepel,  &  Co.,  Paris :  Fine  exhibit  of  acetic 

Nepel     A     Co.,  717  ? 

Paris.  acid  and  metallic  acetates.    (This  firm  has  on  the  Ofl&cial 

Catalogue,  among  the  articles  exhibited,  mithyUne.) 

hiiiiv'^m  i^d     Collective  exhibit  of  the  Manufiujturers  of  Alum  and 

eoipivateof  iron.  Sulphate  of  Ii-ou :  The  five  firms  represented  produce  annu- 
ally 6,000,000  kilos  of  alum  of  various  degrees  of  purity, 
and  0,000,000  kik)s  of  ferrous  sulphate,  from  the  alumino- 
ferrous  lignite  of  the  region. 
A.  Hutter  &  A.  Huttcr  &  Co.,  Montpcllier :  Sulphate  of  alumina  pre- 
ontpeuier.  -^^^  from  bauxitc  by  flutter's  method  (precipitation  of 
the  oxide  of  iron  by  means  of  zinc),  of  which  the  firm  turns 
out  annually  3,000,000  kilos. 

mter?!^??^!     NocQ  Fils,  Pommicr,  &  Co.,  Noyon:  Sulphate  of  alumina, 

^^'  '       £^nm. 
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Poinmier  &  Co.,  Gtennevilliers :   Alum  and  sulphate  of      yRAKc«. 

alumina.  Oktmieai  workt. 

Mines  of  Bouxeviller,  Laneuveville :  This  establishment  Pommier&co., 
was  founded  in  1820  and  is  one  of  the  most  extensive  in  ^^^^^^e- 
France.    It  exhibited  a,  magnificent  collection  of  crystabs  of  ^^<^''- 
prussiate  of  potash. 

Le  Moulin,  St.  Denis :   Cyanide  and  prussiate  of  potas-  d^^*'"*^'*'  **" 
sium,  salt^  of  tin  and  caustic  alkalies. 

A.  de  Plazenet,  Paris.   Exhibited  a  fine  collection  of  pure    A-dePiweaet, 
chemicals  for  the  laboratory,  and  of  all  chemicals  used  in 
electro- metallurgy.    The  annual  production  of  this  estab-  ^jAimaiaprod«o. 
lishment  is  as  follows: 

Kilo*. 

Nitric  acid (500,000 

Cyanide  of  potassium  (of  which  10,000  kilos  are  pore) GO,  000 

Hydrocyanic  acid 3, 000 

Sulphate  of  zinc 90, 000 

Caustic  alkalies 15, 000 

Pyrophosphate  of  soda 12,000 

Sulphate  of  nickel 16,000 

Hydrofluoric  acid 8,000 

Various  cyanides,  ferro-cyanides,  bisulphite  of  soda,  and 
salts  of  gold,  silver,  and  pLatinum,  to  the  value  of  $140,000 
annually. 

Daubin,  Paris.  Exhibited  benzoic  acid  manufactured  Dftubin,  Paris, 
from  the  urine  of  the  cattle  in  the  Paris  abattoir.  Six 
thousand  head  of  cattle  are  received  weekly,  and  the  amount 
of  urine  collected  in  the  same  length  of  time  is  15  cubic 
meters,  which,  at  the  rate  of  6  kilos  per  cubic  meter,  yields 
90  kilos  of  benzoin  weekly,  at  a  cost  of  8  frs.  per  kilo.  The 
annual  yield  is  4,700  kilos,  amounting  to  37,600  frs.  or  $7,520. 

PlaUnum  apparatus.  naw!^™*^"*' 

Demon tis,  Qnenessen,  &  Le  Brun,  Paris.   Exhibited  plat-    Demunt:rsQu«- 
inum  stills,  round  and  ellipsoidal ;  also  a  large  variety  of  J^°^  ^^   ^ 
objects  in  platinum  for  technical  use,  osmium  in  wire  and 
.sheets,  palladium,  ruthenium,  osmium-iridium. 

Godart  &  Contenau,  Paris :  Crucibles  and  other  objects  teS^^Pnris.^""* 
in  platinum. 

H.  Ghapuis,  Paris.    Exhibited  Faure  &  Kessier's  appa-      h.  cbapaia, 
ratus  for  concentrating  4,000  kilos  of  sulphuric  acid  daily, 
palladium  sponge,  iridium ;  stills  for  preparing  hydrofluoric 
acid. 

GBEAT   BRITAIN.  qhrat  bmtaik. 

The  chemical  industries  of  England  stand  undeniably  ta^  Great  Britain 
in  advance  of  those  of  any  other  country,  not  only  in  Jjher^  wnmtries 
respect  to  extent  but  also  with  regard  to  the  rapid  march  of  J^^teT***^  ^' 
improvement.    This  position  is  due  to  a  variety  of  causes. 
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QBRAT  BttiTAiN.  Flrst  diid  priiicipally  must  be  mentioned  the  immense  sup- 
ply of  good  coal  in  advantageous  proximity  to  the  harbors 

JSt^^^vaDtSe  ^^  *'^®  natural  raw  materials  required  in  various  industries. 

irndsStowMpor- Then  come  the  numerous  extensive  havens  and  the  excop- 

^^^  tional  maritime  position  of  England,  allowing  cheap  trans- 

I)ort  to  all  parts  of  the  world  of  the  heavier  chemical  man- 

ufactui^s.    Other  valuable  ai^uncts  are  to  be  found  in  the 

Her  colonial  widespread   colonial   system,  the   long-continued  freedom 

eai  stability.      from  war  Or  rcvolution,  and  the  rapid  contemporaneous 

development  of  other  manufactures  depending  on  chemical 
products. 

Briti^*d!iinicai     ^^  ^^^^  Statistics  will  afford  a  glimpse  of  the  present  coi>- 

industriea.         ditiou  of  (iroat  BHtaiu's  chemical  industries.    Among  the 

imports  of  niw  material  for  the  year  1878,  are : 

KiloA.  Value. 

Sulphur 44,500,000  $1,235,000 

Copper  and  iron  pyritea 609,000,000  7,000,000 

Saltpeter 13,400,000  1,427,000 

Nitrate  of  soda 9(5,400,000  7,250,000 

aiu^Surand*"**-^     ^^^  amouut  of  sulphur  imported  diminishes  slowly,  while 
rites.  the  quantity  of  x)yrites  imported  has  been  tripled  within  ten 

years.    It  is  estimated  that  over  800,000,000  kilos  are  man- 
^Production  of  yfactured  annually.    In  1875  the  production  of  salt  was 

2,316,044,000  kilos.  The  soda  manufacture,  based  on  these 
two  articles,  possesses  proportions  equally  vast.  In  the 
following  table  a  view  is  afforded  of  its  condition  in  1876 
and  of  its  growth  during  the  preceding  fourteen  years : 


Stetirtict  of  so- 
da mMHifkfltore.  Valae  of  the  annual  production . 


Weight  of  tho  products  (dry) kiloa. 

Baw  material  uted kiloa. 

Salt do  . 

Coal do  . 

Limestone do . . 

Lime    do  . 

Pyrites do. 

lilitrate  of  soda do  . 

Peroxide  of  manganese do. . 


Capital 


Annual  cost  of  repairs 

Annual  cost  of  repairs  and  packing. 


254,600,000 
961.  000, 000 
2ii0,  500,  000 


264. 000, 000 

8,300,000 

83,000,000 


Operatives num  bcr . 

wages  of  same 


Weight  of  products  exported kilos. 

Value  of  same 


1,801,400,000 


$10, 000, 000 


$677,5;;0 


10,600 
$2. 747,  000 


10*.  762, 000 
$4, 425. 000 


1870. 


$32,500,000 


845,000,000 


538, 600, 000 

1. 800, 000, 000 

588,000,000 

130, 000, 000 

370. 000.  000 

12, 200, 000 

18,200.000 


3. 562, 000, 000 


$35,000,000 


$8,500,000 


22,000 
$7, 025. 000 


270,856,000 
$11,045,000 


^^Aqwrtof soda,     rj^^  amount  of  soda  exported  in  1878,  based  on  the  sta- 
tistics for  the  flrst  8  months,  was  about  275,000,000  kilos, 
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IK>8ses8ing  a  value  of  $9,572,000.     The  destinations  were  qmat  BBiTAiy. 
the  following : 

KiloB. 

Biuisia 22,600,000    Soda  exported 

to        ree] 
countries. 


Germany 40. 300, 000  **»        reepectlTe 


HoUand 18,200,000 

Belgium 12,200,000 

France 11,25.0000 

United  States 115,400,000 

Other  countries 54,150,000 

The  extent  of  the  alkali  industry  of  Great  Britain  is  such  ni2SHnduBt'**  of 
at  present  that  it  allows  the  introduction  of  labor-saving  Britain- 
machines  on  a  large  scale,  far  beyond  the  means  of  most 
CoDtineutal  manufacturers,  and  it  is  probable  that  her  su- 
premacy in  this  branch  will  be  maintained  far  in  the  future. 
As  an  instance  of  the  gigantic  scale  on  which  this  manu- 
facture is  conducted  in  England,  it  may  be  mentioned  that 
the  three  establishments  of  Allhusen,  Jarrow,  and  Teuuant 
produce  more  than  all  the  twenty  works  of  Germany. 

Bleaching  powder,  which  forms  such  an  important  adjunct  ^^j^^*^***^!^®^* 
to  the  alkali  manufacture,  is  produced  to  the  oxtent  of  over 
100,000,000  kilos  annually,  and  it  is  almost  exclusively  to 
English  iuventors  that  the  improvements  in  this  branch  are 
due.    The  annual  production  of  iodine  in  Great  Britain  is    io^^«- 
over  50,000  kilos. 

The  exhibition  of  the  productions  of  the  soda  manufact- 
ure, as  well  as  of  other  leading  chemical  industries,  although 
presenting  many  points  of  interest,  was  far  from  offering  a 
fair  view  of  their  vast  extent.    Mauy  great  establishments  Ohemieaivorki. 
were  not  represented  at  all  at  the  Exposition. 

Forster  &  Gregory,  Streathum  Commou.    Exhibited  "ul'o'^^'^SwiSiStt. 
phide  of  carbon,  sulpho-carbonate  of  potash,  tetrachloride  of  common, 
carbon,  chloride  of  sulphur,  xanthate  of  potash,  chemicals 
for  coloring  and  vulcanizing  india-rubber. 

Boyd,  Son,  &  Co.,  Dublin:  Sulphate  of  soda  prepared  ^yr;^5j[\)iS*°'  ^ 
Hargreaves's  method,  richness  99.47  per  cent.;  chloride  of 
lime,  available  chlorine=^.7  per  cent. 

De  Soto  Alkali  Company,  Widnes:  Black  ash,  soda  crys-  ^^^^  ^^^'^^ 
tals,  fine  caustic  soda  of  60  and  70  per  cent. 

Golding,  Davis,  &  Co.,  Widnes:  Caustic  soda  (62  and  67  Ooidinir. Davis. 
per  cent),  chloride  of  lime  (40  x^er  cent.  CI),   sulphate  of     **'        *** 
soda  manufactured  by  Hargreaves  &  Bobinson's  process, 
containing  but  0.02  of  chloride  of  sodium.    Weekly  turn-out 
of  various  products,  500,000  kilos. 

Euncorn  Soaj)  and  Alkali  Company,   Widnes:   Various ^^^JJ™ ^p 
products  of  the  soda  manufocture,  sulphate  of  soda  by  Har- 
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uHKAT  BBTTAiN.  gieaves's  process  (98  per  cent),  caustic  soda  (dO  and  70  per 

Ohfniieal  workt.  ceDt.). 

Co.,  nJS^cmuS^     ^y^^  Alkali  Company,  Newcastle :  Soda  ash  (62  per  cent^), 

chlorate  of  potash,  satin  white  from  barium  carbonate. 

gTengant&Co.,  Tcnnant  &  Co.,  St.  Bollox,  J.  Mactear,  director:  A  re- 
markably fine  exhibit  of  products  representing  every  8ta|^ 
in  the  manufacture  of  soda  and  the  utilization  of  the  waste 
products.  Eegeneration  of  oxide  of  manganese  by  DunlojijB 
method.  Mactear  fumac^e  for  preparing  the  carbonate,  7 
meters  in  diameter,  requiring  30  per  cent,  of  coal,  producing 
150,000  kilos  weekly,  and  effecting  an  economy  of  GO  per 
cent,  on  the  previous  furnaces.  By  the  Mactear  method 
for  recovering  the  sulphur  in  the  waste  products,  viz,  the 
decomposition  of  the  sulphides  of  calcium  by  hydrochloric 
acid,  in  the  presence  of  sulphurous  acid,  which  has  been  in 
operation  for  six  years,  6,500,000  kilos  of  sulphur  have  been 
extracted  and  saved. 

c£»Im1^'*oo^     ^orth  British  Chemical  Company,  Glasgow:   Employs 

GiMgow.         '  200  operatives.   -Salts  obtained  from  the  charcoal  of  sea-  weed 

which  has  been  exposed  to  destructive  distillation;  ammonia 
and  acetic  acid  obtained  from  the  products  of  the  distilla- 
Annuaiproduc-  tiou.    Aiuiual  productiou : 

tlon.  Klloa. 

Iodine 25,000 

Bromine ^  500 

lodi do  of  potassium 25,000 

Bromide  of  potassium 25,000 

Caustic  soda 2,000,000 

Chloride  of  potassium 1,000,000 

Chlorate  of  potash 100, 000 

As  a  by-product  large  quantities  of  the  disinfectant  called 
ohiorioiaeinni.  ^^chloricalcium"  are  obtained  from  the  residues  of  chlorate 
of  potash  manufacture.    Sea  weed  charcoal  is  another  by- 
product of  this  industry,  which  has  been  largely  applied  to 
sewage  liquors.    Specimens  of  acetate  of  lime  and  sulphate 
of  ammonia  as  resulting  from  the  subsequent  distillation  of 
this  substance  were  on  exhibition. 
HMgofcVM  ^     Hargreaves  &  Robinson,  Widnea   Exhibited  their  appa- 
nee.  ratus  for  the  manufacture  of  sulphate  of  soda  by  the  direct 

action  of  sulphurous  acid  on  common  salt  prepared  for  the 
purpose, 
w.  wddon,     W.  Weldon,  Bairstow.    Exhibited  a  complete  model  of  the 
^*'*"^®^*  works  necessary  for  carrying  out  his  process  for  the  regen- 

eration of  manganese  used  in  the  chlorine  manufac*ture;  also 
a  series  of  specimen  products. 
JohMop^  ^t-     Johnson,  Matthey,  &  Co.,  London :  This  celebrated  flrm 
don.'       ■'       had  a  very  fine  and  extensive  display  of  platinum  apparatus 
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for  use  in  large  chemical  industries;  sulphuric  acid  conceu-  qpkat  BnrrAPf. 
trator;  platinum  metals,  including  a  large  ingot  of  palla-  Ohemieaiuwrkt. 
dium  weighing  68}  kilos  and  valued  at  $50,000,  and  2  kilos  of  ^j^^^J^^'J  ^e- 
rutheuium  valued  at  $8,000;   crystallized  osmium;  palla- ^^n.' 
dium  disk  containing  1,000  times  its  volume  of  occluded 
hydrogen ;  spongy  iridium,  etc. 
Chambers  &  Co.,  London :   Established  in  1837 ;   exten-  ^   Chnmbere  & 

Co.,  Lonaon. 

sive  exhibit  of  general  chemicals. 

Hurlet  and  Campsie  Alum  Company,  Glasgow:  Exhib-  nuriet&camp- 
ited  fine  specimens  of  red  and  yellow  prussiate  of  potash.     oLigoi?™     ***' 

T.  Jennings.  Cork.   Exhibited  his  well-known  carbonate  ^   t.  jenninp*. 

^  '  Cork. 

of  magnesia  and  calcined  magnesia. 

Langthorno  Chemical  Works,  Stratford.     Displayed  ^  chemt^i^OTkir 
large  and  fine  collection  of  pure  chemicals  and  rare  com-  Stratford, 
pounds. 

J.  T.  Eeadman,  Glasgow.    Sent  a  fine  exhibit  of  phos-^JT.Rwidmjm, 
phate,  sulphite,  and  stannate  of  soda,  citric  acid  and  phos- 
phorus, with  si)ecimens  showing  the  various  stages  in  the 
different  processes. 

P.  Spence,  Manchester:  Handsome  display  of  alum  crys-^J-^«»««»^^^- 
tals,  forming  a  column  12  to  14  feet  in  height.  The  weekly 
production  of  this  salts  is  200,000  kilos,  and  its  purity  is  so 
great  that  it  is  said  to  contain  but  0.0002  per  cent,  of  oxide 
of  iron.  Alumino-ferric  cake,  prepared  from  bauxite  and 
used  for  sizing  brown  paper  and  for  purifying  muddy  water, 
sewage,  and  the  waste  of  factories. 

Washington  Chemical  Works,  Newcastle :  Pure  carbon-  chJJjS w**\?? 
ate  of  magnesia  in  enormous  blocks.  KewcasUe. 

GBEECE.  OBMBCB. 


This  country  is  almost  devoid  of  interest  in  a  chemical 
point  of  view,  having  but  two  exhibits  in  this  branch. 

V.  M^las,  of  Miloa.  Exhibited  sulphur  from  the  mines  of  j^^-  ^^^  ^" 
Milos,  which  furnish  an  ore  which  yields  from  15  to  40  per 
cent,  of  sulphur.    The  ore  is  treated  by  the  method  of  Cal- 
caroni  or  by  the  system  of  Doppioni. 

A.  Cordelia,  Z6phyria :  Specimens  of  alum  obtained  from       ^  Cordelia, 
the  ancient  alum  mines  of  Milos. 

All  the  salt  necessary  for  consumption  in  the  country  is 
extracted  frt)m  sea-water.      Specimens  of  this  necessary    Sea.«at 
chemical  were  exhibited  from  Anaryssos  (Attica),  Domtr^ne 
(Thebes),  Thermissia  (Spetzia),  Lamia  (Phthiotide),   Mis- 
solonghi,  Naxos,  Leucade,  Zante,  and  Corfu. 
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BOLLAKD.  HOLLAND, 

The  chemical  industries  of  Holland  are  mainly  subordi- 
nate to  the  stearine  works,  the  sulphuric  acid  produced 
barely  sufficing  for  the  saponification  of  the  fats  consumed 
in  the  works. 

Co., .^S^&i^  Hartogh  &  Co.,  Amsterdam:  Established  1872.  Bisul- 
phide of  carbon  prepared  by  a  new  process  at  a  cost  of  but 
7  cents  per  kilo.  It  is  chiefly  used  in  the  establishment  for 
the  extraction  of  oils  from  the  residues. 

aSSJSo^  ^"     Ketjen  &  Co.,  Amsterdam :  Established  1835 ;  employ  29 

workmen  and  15  horse-power;  produce  sulphuric  acid,  nitric 
acid,  hydrochloric  acid,  sulphates  of  soda  and  iron,  the 
annual  production  of  sulphuric  acid  being  2,500,000  kilos. 
The  vitriol  chambers  have  a  capacity  of  6,000  cubic  meters. 

zw^^  *  ^^  Krol  &  Co.,  Zwolle :  Produce  superphosphates  and  sul- 
phate of  ammonia,  specimens  of  which  were  on  exhibition. 

"^^-  ITALY. 


p^?J^  deTd?     ^^®  absence  of  coal  deposits  and  the  general  scarcity  of 
cSnSustries!.™*  combustible  matter  of  every  description  have  hindered  the 

chemical  industries  of  Italy  from  making  the  rapid  develop- 
ment which  would  otherwise  have  been  expected  from  the 
mineral  treasures  of  the  kingdom.  Although  the  number 
of  exhibitors  was  large,  the  number  of  firms  of  importance 
represented  was  exceedingly  limited.     The  extraction  of 


most^'flapOTtantS^^P^*^  forms  a  most  important  branch  of  industry  in  the 
bnach  ofindiw.  kingdom.     The  total  amount  extracted  yearly  is  about 


280,000,000  kilos.  It  gives  employment  to  22,817  workmen. 
Sulphuric  acid  is  manufactured  in  7  establishments,  4  of 
which,  however,  consume  in  other  operations  the  acid  they 
produce      With  the  exception  of  the  firm  of  Sclopis  & 

^^j^^«ric-»cid  Bechis,  at  Turin — who  use  pyrites — all  of  the  works  prepare 
the  acid  directly  from  sulphur.  Large  quantities  of  sul- 
phuric acid  are  imported,  mostly  from  France.  A  single 
establishment  for  the  manufacture  of  soda  has  been  in  oper- 
Boraoio  add.  atiou  at  Leghorn  since  1872.  Kext  to  sulphur,  boracic  acid 
is  the  most  important  natural  product.  In  Tuscany,  besides 
the  seven  establishments  belonging  to  the  famous  Larderel 
family,  there  are  three  others  of  less  importance.    The  total 

AiiniuJpTodaot.  annual  production  amounts  to  2,500,000  kilos. 

On  the  island  of  Yulcano  an  English  company  extracts 
annually  3,000  kilos  of  this  acid  from  the  emanations  of  the 
still  active  volcano.  Cream  of  tartar  and  tartaric  acid  en- 
gage the  attention  of  a  number  of  smaller  manufacturers. 
Alum  is  manufactured  on  a  large  scale  in  three  establish- 
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ments  in  Central  Italy.    Notwithstanding  her  natural  rich-       "^y- 
ness  in  dolomite,  Italy  prepares  but  one-half  of  the  magne- 
sia comiK)unds  required  in  the  kingdom.    Bisulphide  of  car-  dusSliL^***  ^* 
bon,  used  to  a  considerable  extent  for  the  extraction  of  oils 
firom  the  residues  of  the  oil  presses  and  from  other  matters,  is  cwboS^^*  **' 
manufactured  by  two  firms  to  the  extent  of  500,000  kilos 
annually. 

Sulphur,  in  the  natural  state  as  well  as  refined,  was  dis-   Exhibitor*  of 
played  by  fifteen  exhibitors,  the  most  of  whom  were  firom 
Sicily.    Their  names  and  addresses  are  as  follows : 

Albani  Mines,  at  Pesaro :  Annual  product  in  all  forms 
1,000,000  kilos. 

Chamber  of  Commerce  of  Caltanissetta. 

Chamber  of  Commerce  of  Catania. 

Chamber  of  Commerce  of  Girgenti. 

A.  Cangiotti,  Pesaro :  Annual  production  about  1,500,000 
kilos. 

Cesena  Sulphur  Company,  limited. 
N.  Dellamore  &  Co.,  Cesena. 

D.  Di  Marzo,  Tufo. 
G.  Di  Marzo,  Tufo. 

F.  P.  Pantano  &  Son,  Assoro. 

E.  Buffi,  Bimini :  Annual  production  1,000,000  kilos. 
Bomagna  Sulphur  Company,  Bologna. 

General  Sulphur  Company,  Brescia :  Production  700,000 
kilos. 
Nicotera  &  Co. 

F.  Zampari,  Altarilla. 

Pereira,  Mario,  &  Co.,  Pisa-   Employ  30  workmen  and   5*"*SiiJ'^**' 
produce  2,000,000  kilos  of  bisulphide  of  carbon  annually, 
the  whole  of  which  is  used  for  the  extraction  of  oils  and  of 
sulphur. 

Society  Anonima  per  la  Fabbricazione  delle  Soda,  Leg-  iifc^briS?°dS!e 
horn :  Estabtished  1872 ;  exhibit  various  products  of  the  *>dft,  Leghorn, 
soda  industry,  sulphates  and  borates.    This  establishment 
is  the  first  erected  in  Italy  for  the  manufacture  of  soda,  and 
is  still  comparatively  in  its  infancy. 

B.  Baroncelli,  Florence :  Bicarbonates  of  soda  and  potash,    b.  Baronoem, 
Candiaui  &  Biffi,  Milan.   Have  GO  operatives ;  capacity  of       Candixuii  a 

vitriol  chambers  1,500  cubic  meters.  The  establishment 
consumes  annually  540,000  kilos  of  sulphur,  and  manufac- 
tures 3,300,000  kilos  of  culphuric  acid  at  50^  B.  Other 
products  are  nitric  acid,  407,000  kilos;  hydrochloric  acid- 
203,500  kilos ;  sulphate  of  zinc,  25,000  kilos ;  preparations  of 
iron  for  paints,  150,000  kilos ;  sulphate  of  soda,  550,000  kilos } 
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"^^-       sulphate  of  alumina,  300,000  kUoa  5  soluble  silicates,  20,000 

kilos ;  superphosphates,  50,000  kilos. 
8oi2?iB.  »>•     Sclopis,  Beohis,  &  Co.,  Turin:  Established  in  1812;  ca- 
™ii.  '  pacit.>  of  vitriol  chambers  8,000  cubic  meters.    Since  1856 

this  house  has  found  it  advantageous  to  replace  Sicilian  sul- 
phur by  the  rich  pyrites  of  the  Aosta  Valley.  It  likewise 
makes  extensive  use  of  giobertite,  a  verj^  pure  hydrocarbon- 
ate  of  magnesia  found  in  the  neighborhood,  for  the  manu- 
fiicture  of  sulphate  of  magnesia. 

of  rSS^tSfir  ^^"^1  conanrnptioii :  ^^ 

Pyrites 3,000,000 

Coal 2,000,000 

Iron  refuse 120.000 

Giobertite 400,000 

Qas  water 860,000 

Aimiialprodiio>  Animal  produotion : 

"*"•                          Sulphuric  acid,  500  B 3,000,000 

Sulphate  of  iron 350,000 

Sulphate  of  magnesia 500,000 

Sulphate  of  soda 50,  COO 

Sulphltte  of  ammonia 60,000 

Acetate  of  iron 20,000 

Oxide  of  iron 20,000 

Ato8,^i4to     Soci^t6  G^n^rale  des  Alums,  'Civita  Vecchia :  Alum  and 

vecchiL  sulphate  of  alumina. 

A.  Conti,  Castro-caro :  lodiue,  iodides,  and  bromides  from 
the  mother-liquors  of  mineral  waters. 
p.Camboni,     P.  Camboui,  Brcscia  .*  Handsome  exhibit  of  carbonate  of 

^'^^  magnesia,  of  which  40,000  kilos  are  produced  annually  by 

25  operatives.  The  dolomite  from  the  viciuity  of  Lago  di 
Guarda  is  burned  in  kilns  and  treated  with  water.  The  hy- 
drates of  lime  and  magnesia  are  then  treated  with  an  ex- 
cess of  carbonic  acid  obtained  from  the  kilns,  and  the  solu- 
tion of  bicarbonate  of  magnesia  separated  from  the  carbon- 
ate of  lime.  On  boiling  the  solution  a  very  fine  carbonate 
of  magnesia  is  precipitate<l  as  a  light  xiowder. 
F.  de  Larderei,     ^'  ^®  Lardcrcl,  Leghorn :  Boracic  acid  extracted  from  the 

Leghora.  fumerolcs  of  Tuscany.    The  extraction  of  this  acid,  begun 

by  Francis  Larderei  in  1848,  is  now  conducted  in  seven  dif- 
ferent establishments  and  occupies  over  1,000  operatives. 
The  annual  yield  is  about  2,000,000  kilos. 

MOBWAY.  NORWAY. 


Chemical  works  in  Norway  are  still  few  in  nuu  ber,  lim- 
ited in  extent,  and  do  not  supply  the  chemicals  required  in 
the  land.  The  absence  of  cheap  fuel  is  an  insurmountable 
obstacle  to  progress  in  this  branch  of  industry'. 
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Chemical  Works  of  StavaDger:  The  various  products  of     nqbway. 
the  soda  industry,  sulphuric  and  hydrochloric  acids.  cheDiicaiwoika 

Lysaker  Chemical  Works,  Christiania:   Nitric  and  s^- ^^Lyaakr/chemi- 
phuric  acids.  oaiworks. 

Leeren,  Trondhj^m :  Bichromate  of  potassa.  i^w'®"'  ^^*^^* 

Jacobsen  &  Co.,  Fredriksstad :  Oxalic  acid  manufactured  iJ^SSStol^^" 
from  saw-dust ;  a  handsome  exhibit. 

RUSSIA.  uoiMA. 


Notwithstanding  the  enormous  market  open  in  the  empire 
itself  and  in  the  adjoining  Orient,  Russia  makes  but  slow    slow  progress, 
progress  in  the  chemical  arts.    Among  the  more  apparent 
hinderances  to  a  more  rapid  development  are  the  absence  of  ^^J{J«j  ^  ^^ 
sufficient  means  of  transport,  the  distance  of  the  coal  mines  transport,     dis- 

^        '  tanoeof  coal,  lack 

from  the  industrial  centers,  and  the  necessity  of  resorting  of  machinery  and 

\  •;  -,  technical  oxi>eri- 

to  other  countries  for  machines,  as  well  as  for  persons  of  once, 
chemical  and  technical  experience.    The  exhibits  offered  but  Oktmieta  vrrrka. 
little  of  interest 

Bnsso- American  Caoutchouc  Manufacturing  Company,  St.  *^***fX®^" 
Petersburg :  This  is  one  of  the  most  extensive  manuf^tur-  Co. 
ing  establishments  in  Russia  in  which  a  chemical  art  is  car- 
ried on.  It  was  organized  in  1860,  and  has  so  grown  in  ex- 
tent and  importance  in  seven  years  that  its  products  in  1867 
amounted  to  4,000,000  of  rubles.  It  employs  ten  steam- 
engines,  with  an  aggregat^e  power  of  760  horses,  and  works 
750  male  and  800  female  hands. 

Compagnie  de  la  Fabrique  de  Tentelevo,  St.  Petersburg :  p^*Jf p^ ^q^  ^ 
60  operatives,  34  horse-power,  value  of  annual  production  teievo,  st.Pcter8- 
$126,000.    Acids,  refined  saltpeter,    sulphates,    ammonia 
salts,  etc. 

N.  LepeLkine,  IVIoscow :  Established  in  1826,  employs  ^-  Lopchidne, 
360  hands,  and  uses  3  platinum  stills.  Value  of  annual 
production  $700,000.  This  establishment,  which  before  the 
discovery  of  artificial  alizarine  was  devoted  chiefly  to  the 
manufacture  of  garancine,  is  now  occupied,  for  the  most 
part,  with  the  preparation  of  the  mineral  acids,  various 
sulphates  and  alums,  and  a  number  of  other  salts. 

G.  S.  Easterayeff,  St.  Petersburg:  Established  in  1848,  ^^^  f^.^^ 
with  120  workmen;    the  various  acids  and  alkalies,  sul-^'"^- 
phates,  citrates,  soda  salts,  refined  sulphur.    Annual  pro- 
duction 1,300,000  kilos,  valued  at  $250,000. 

P.  Ouchkoff;  Yelaboug :  Established  1850 :  employs  600  y^^"^^^""^' 
men  and  runs  12  furnaces:  produces  alum,  sulphuric  acid 
flx)m  pyrites,  sulphate  of  copper  from  copper  pyrites,  chro- 
mate  of  potash.    Value  of  annual  production  $577,000.    This 
establishment  was  the  first  in  Bussia  to  make  use  of  the 
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"^^'-^-  rich  Siberian  deposits  of  chromate  of  iron>  which  had  hith- 
erto been  sent  almost  entirely  to  England.  The  products 
aie  largely  exported  to  Asia. 

niwuir^*'^"'     ^'  -^^"^j  Bamaoul,  Siberia:  This  establishment  was 

started  in  1864,  and  produces  soda  salts,  being  the  first  to 
use  the  natural  sulphate  of  soda  obtained  from  Siberian  in- 
land seas.  Articles  exhibited,  soda  and  caustic  soda.  An- 
nual production  550,000  kilos,  value  $42,000. 

nin©,^8tFe^     E.  Wargouuinc,  St  Petersburg :  Employs  80  workmen ; 

^^8*  produces  acids,  sulphates,  tin  and  lead  salts,  and  general 

chemicals.    YaJue  of  annual  production  $126,000. 

^wwjOT&Haiifi.  Werner  &  Hall^,  Warsaw:  45  operatives,  18  horse- 
power. Produce  annually  $63,000  worth  of  carbonate  and 
snlphate  of  magnesia,  saltpeter,  chromic  acid,  etc. 

BPAIH.  SPAIN. 


Spain  possesses  an  immense  wealth  in  natural  products ; 

still  the  great  chemical  industries  have  as  yet  established 

Abundance  pfno  foothold  there.    Coal,  sulphur,  ])yrites,  salt,  oxide  of 

few  chemical  in-  mauganesc,  in  fact  all  natural  raw  material  necessary  ^r 

the  manufacture  of  soda,  are  found  in  abundance,  but  until 

now  they  form  only  leading  sources  of  supply  for  France, 

and  especially  England.    The  annual  yield  of  pyrites  is 

over  440,000,000  kilos ;  sulphur,  1,650,000  kilos ;  oxide  of 

manganese,  35,000,000  kilos ;  and  salt,  400,000,000  kiloa. 

The  exhibitors  were: 

Bxhibitors.         Campo  &  Cc,  Haro :  Cream  of  tartar. 

Chaves  &  Gonzalez,  Bollulos :  Cream  of  tartar. 

S.  Kadal,  Lerida :  Soda  ash. 

Count  de  Torregrosa :  Soda  ash. 

Lagrera  &  Escales,  Felanix :  Ether. 

Besola  Bros. :  Sulphuric  and  nitric  acids  and  soda. 

Alkalies  and  acids  were  also  exhibited  by  several  English 
firms. 

»^'^^'"-  SWEDEN. 

Orowi^,bat  The  chcmical  industries,  although  growing  rapidly,  are  as 
chemical  indtw-  yct  unablc  to  meet  the  demands  of  the  kingdom.  Sulphuric 
^^^  acid  is  produced  to  the  extent  of  4,870,000  kilos  annually, 

and  is  consumed  almost  entirely  in  the  manufacture  of  su- 
h  ♦^"P*^^^  perphosphates,  of  which  8,500,000  kilos  are  annually  pro- 
duced in  four  factories.  The  wasteful  preparation  of  potash 
by  combustion  in  the  more  densely  wooded  regions  is  rap- 
idly diminishing.  The  preparation  of  saltpeter  irom  urine 
and  ashes  is  also  becoming  less  customary,  and  now  pro- 
duces but  21,200  kilos  annually.  The  exhibitors  were : 
Minesofstorra.     Miucs  of  Stora-Eopparbcrg :  By-products  of  the  rich  py- 
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rites  deposits  of  the  neighborhood,  sulphuric  acid,  oxide      »wkdex. 
of  iron,  sulphates  of  iron  and  copper,  and  sulphur.    This 
establishment  is  well  known  as  the  scene  of  Berzelins's  dis- 
covery of  selenium. 

SWITZERLAND.  bwitzerlakd. 

The  ahnost  entire  absence  of  coal  and  of  deposits  of  raw      i)eflcicDcy  of 

,    ,  .  /.I  11  c<*^  0**1  ra^  ™*- 

material  requisite  for  chemical  manufactures  has  be-en  a  teriai  f.»r  <  hcmi. 
serious  drawback  to  the  development  of  these  industries  in  turcs. 
Switzerland,  and  it  has  been  overcome  on  a  large  scale  by 
but  a  single  firm. 

C.  Jetzler,  SchafiTiausen.  Exhibited  a  plan  of  installation  g^haffhiimicn^' '' 
for  a  new  method  of  regenerating  oxide  of  manganese. 

Schnorf   Bros.,   Uetikon :  Established  in  1818 ;  employ    Scimorf  Bro«.. 

'  7  1^  Uetikon. 

100  workmen  and  14  horse-power.  This  establishment, 
founded  for  the  manufacture  of  sulphate  of  copper,  began 
the  manufacture  of  sulphuric  acid  in  1824,  and  in  1870  sub- 
stituted for  Sicilian  sulphur  the  well-known  Lj'on  pyrites. 
It  was  the  first  to  overcome  the  natural  difficultiesfacingthe 
chemical  industries  in  Switzerland,  resulting  from  a  lack  of 
fuel  and  raw  material,  and  it  produces  at  present  about 
6,000,000  kilos  of  chemicals,  representing  a  value  of  $000,000.  ^^^^kj;^""^  "^^^^^ 
Seventy-five  hundred  kilos  of  pyrites  are  used  daily,  the 
sulphuric  acid  being  formed  in  four  series  of  vitriol  cham- 
l>ers,  and  two-thirds  of  it  being  used  for  the  preparation  of 
sulphate  of  soda.  The  soda  production  consists  of  350,000  S(>da.otc. 
kilos  of  a  very  i)ure  sulphate  of  soda  and  1,500,000  kilos  of 
soda  crystals,  750,000  kilos  of  hydrochloric  acid,  250,000 
kilos  of  chloride  of  lime,  250,000  kilos  of  nitric  acid,  50,000 
kilos  of  tin  salts,  1,500,000  kilos  of  sulphate  of  iron,  750,000 
kilos  of  iron  liquor  (prepared  by  oxidizing  sulphate  of  ii-on 
with  nitric  acid,  and  greatly  in  request  among  Swiss  silk 
manufacturers),  chloride  of  zinc  for  the  impregnation  of 
railway  ties,  and  pui-e  acids  and  salts. 

SOUTH  AND  CENTRAL  AMERICA.  bodth  asd  ckm 

THA.L  AMKniCiu 

P(Tu  exhibited  specimens  of  iodine,  saltpeter,  and  nitrate 
of  soda. 

Guatamala  exhibited  white  lead  and  refined  saltpeter  and 
alum. 

The  Argentine  Republic  exhibited  soda  ash,  cream  of  tar- 
tar, and  sulphur. 

UNITED  STATES  OF  AMERICA.  uiHTEDfiTATiMOF 

AMKUICA. 

l^\  general  the  chemical  industries  of  the  United  States 
arc  i'ar  removed  from  the  stage  of  development  warranted 
7  P  R VOL  4 
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uxiTED  BTATR8.  ^y  l]^^^  natural  wealth  of  the  couutry  and  the  high  degree 
Our  dcflciency  of  perfection  attained  in  other  braucheA  of  manufacture. 

in  chemical  nian- 

ufacturcH.         The  statc  of  dependence  on  Europe  for  so  many  articles  is. 

on  EuniS^"  *°^*  however,  constantly  growing  less,  and  it  is  to  be  hoped 

from  the  progress  made  during  the  past  few  years  that  be- 
fore no  distant  date  as  important  a  change  will  be  effected 
in  this  resx)ect  as  has  been  lately  the  case  with  regard  to 
numerous  branches  of  textile  and  metallurgical  industry. 
As  noteworthy  indications  of  the  movement  in  this  direc- 
Broniino  Indus- tion,  may  be  mentioned  the  rapid  development  of  the  bro- 

try  of  the  Ohio  t         *f  m.  mt 

Valley.  miuo  mauufacture  in  the  Ohio  Valley,  which  in  the  course 

of  a  few  years  has  assumed  such  dimensions  as  to  practi- 
cally command  the  market  of  the  world ;  and  the  equally 
Borax  pnHiuc  rapid  extcusion  of  the  borax  production  in  the  Pacific 
stS^i* **"**"^^*'  States,  which  causes  no  small  degree  of  anxiety  among  Eu- 
ropean manufacturers  of  this  article. 
tho  chief  c.Ster     Philadelphia  is  the  chief  center  of  chemical  manufact- 
Sust^^^"*"''*  *""  lire.  New  York  and  Boston  following  second  and  third  in 
Xew^TOTk^^anS  the  Ust    Accordiug  to  statistics  collected  in  1875,  there 
3o8ton.  were  in  Philadelphia  and  its  en\irons  245  chemical  works, 

Production  with  au  auuual  production  valued  at  $31,298,000,  and  di- 
^he.SSSrwm'k;;" Tided  as  follows: 

Cheiiiicala 812,000,000 

Phorinaceatical  prodaots I*,  500, 000 

Soap  3,0l«,000 

Oils  and  petroleum 3, 500, 000 

Colore :i,9C4,000 

Perfumes 1,125,000 

Gas  and  by-products 4, 161, 000 

importii  of  sici.     Thc  imports  of  sulphur  from  Sicily  have  mounted  from 
Han  sulphur.       19^330^000  fcijos  in  1872  to  :J2,C5G,000  kilos  in  1877.     It  is 

probable  that  an  energetic  development  of  the  extensive 
Paciiic  coast  dcposits  iu  the  Pacific  States  will  soon  enable  the  country 

•depoaita.  ^^  ^^  entirely  independent  of  the  European  source.    The 

manufacture  of  sulphuric  acid  assumes  daily  more  imjwr- 
tJint  proportions  since  its  extended  application  in  the  i>e- 
troleum  refineries.  Sulphur  is  at  present  almost  the  sole 
material  used  for  this  manufacture.  Tlie  dei)osits  of  pjTites, 
although  widespread  and  of  fair  average  quality,  are  still 
generally  too  remote  from  industrial  centers  to  l)e  utilized 
for  this  purpose,  and  the  prospects  of  a  rapid  extension  of 
the  sulphur  supply  in  the  West  has  prevented  any  notable 
Alkali  iniiuHtry  disposition  for  their  use  in  the  various  works.    The  alkali 

•initahifanev.     j^j^j^^^^j.^,  rcmaiiis  Still  in  its  infancy.    Apart  fnmi  the  pix)- 

diicti(m  of  the  well-known  works  in  Pennsylvania,  which 
make  use  of  the  greater  paii:  of  the  cryolite  obtained  in 
Greenland,  the  wants  of  the  country  in  this  direction  are 
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met  by  importation  from  England.    The  amount  of  this  im-  united  BTAri^. 
portjition  in  1878  was  over  115,000,000  kilos.    The  discovery  imports  of  swia, 
of  extensive  deposits  of  natural  soda  in  the  western  section  ^^^^^  *^" 
of  this  country,  at  points  not  far  distant  from  the  Pacific  Rail- 
road, wUl  be  likely  to  bring  about  an  important  change  in 
the  source  of  this  article.    On  account  of  the  climate,  the 
manufacture  of  bleaching  powder  is  attended  with  such  j^j^^jj^po^s^^^f 
difficulties  that  almost  the  enth*e  quantity  of  this  pro<l net  <!«»■. 
I'equired  in  the  United  States  is  likewise  imported  from 
England.    The  import  amounted  to  22,000,000  kilos  in  1876. 
Saltpeter  is  an  article  of  comparatively  recent  manufacture,    saltpeter. 
During  the  pa«t  two  years,  however,  this  industry  assumed 
such  proportions  that  large  quantities  were  exported  to  Rus 
sia  during  the  late  war. 

Among  other  branches  which  are  of  constantly:  growing 
importance  are  the  manufactures  of  red  and  yellow  pros-  ,  Manuftictures 

'  7  of   pinisfliatc    of 

Slates  of  x>otash,  of  alum,  and  of  borax.  The  deposits  oli«on,  aium,  ami 
borax  in  the  United  States  are  at  present  being  developed 
with  great  rapidity,  and  the  supply  of  200,000  kilos  monthly 
is  not  only  sufficient  for  the  needs  of  the  country,  but  af- 
fords a  considerable  surplus  for  exportation.  The  produc- 
tion of  bromine,  which  has  increased  in  ten  years  from  5,000  bromine. 
kilos  to  125,000  kilos,  has  rendered  possible  the  use  of  this 
valuable  element  in  numerous  operations  where  chlorine  has 
hitherto  been  applied. 

Unfortunately,  the  exhibits  of  the  products  of  the  great      ^{yy  limited 
chemical  industries  were  of  the  most  limited  character,  and 
afforded  no  just  view  of  the  progress  made  of  late  years  in 
this  department  of  industiy  in  our  country. 

The  following  were  the  only  exhibitors  of  chemical  prod-    Exhibito». 
nets  in  the  United  States  section : 

H.  J.  Baker  &  Bro.,  New  York  City.    Exhibited   very    j^  J.  Baker  a 
handsome  specimens  of  borax,  refined  saltpeter,  camphor,  ^"*- 
and  epsom  salts.    The  ])roducts  of  this  firm  compare  favor- 
ably with  those  of  any  other  establishment  represented. 

Henry  Bower,  Philadelphia:  This  exhibitor  displayed  in    Henry uower. 
a  very  modest  and  unostentatious  style  his  superior  glycer- 
ine in  one-pound  bottles;  specimens  of  handsome  yellow 
piussiate  of  potash,  and  some  ordinary  sulphate  of  am- 
monia. 

Hance  Bros.  &  White,  Philadelphia:  A  number  of  very    Haoce  Bn»  a- 
beautiful  specimens  of  chemical  prepanitions  for  medicinal  ^^*^ 
use  were  included  in  the  pharmaeeutical  display  made  by 
this  firm.    The  following  were  especially  noted  for  their  fin- 
ished and  handsome  appearance :  Monobromated  camphor, 


100  UNIVERSAL   EXPOSITION   AT   PAKIS,  1878. 

uwrntD  sTATga.  hydrochlorate  of  berberine — both  preparations  in  crystals 
prepared  with  mach  skill  and  care. 

A.  Pira  A.  Pirz,  Carniola  Chemical  Works,  Long  Island  City.  Ex- 

hibited a  specimen  of  pure  acetate  of  lead. 

c.  T.  White  St,  C.  T.  White  &  Co.,  New  York :  The  collection  of  speci- 
iqens  representing  this  house  consisted  of  morphia  and  its 
salts,  crystallized  str^xhnia,  valerianate  of  quinia,  and 
iodides  and  bromides  of  potassium,  etc.^  all  of  which  were 
of  the  best  quality  and  presented  quite  a  handsome  and 
creditable  appearance.  These  products  were  as  good  and 
as  prepossessing  as  any  shown  in  the  Exposition,  and  very 
much  handsomer  than  most  that  were  exhibited. 

Many  of  the  exhibitors  in  Class  47  sent  specimens  of 
chemical,  pharmaceutical,  and  tinctorial  products,  and  in 
consequence  of  this  diversity  in  the  exhibits  the  same  firms 
may  appear  uuder  several  heads. 


AliMarine,  ALIZARINE. 

itBdiAooveryan     Gracbc  &  Liebermaun's  discovery  forms  an  epoch  in  the 
egoch  in  chemical  j^.g^^j.^  of  Organic  chcmistry,  alizarine  being  the  first  natu- 
ral dye-stuff  which  has  been  prepared  artificially.    Since 
that  time  the  manufacture  of  this  body  from  anthracene 
Tho  flrat  arti-  has  assumcd  very  large  proportions.    According  to  the  offl- 
Sf  a V^tu?ird?°  cial  report  on  the  Vienna  Exhibition  of  1873,  there  existed 
*'""■  at  that  time  ten  or  twelve  alizarine  works  in  Germany,  while 

England  and  France  possessed  one  each.    The  total  quan- 
tity of  alizarine  manufactured  in  the  year  above  mentioned 
Production  in  was  about  2,500,000  kilos  of  alizarine  paste,  containing  10 
^^^'  per  cent,  of  coloring  matter,  representing  at  that  time  a  value 

xow  im»babiy  of  $3,000,000,  gold.     Siucc  that  time  the  annual  product 
has  greatly  increased,  and  it  may  safely  be  put  down  at 
double  that  amount.    The  total  amount  of  madder  which 
hitherto  has  been  used  per  annum  may  be  estimated  at  one 
ForiDerumoant  million  hundredweight,  with  a  value  of  $10,000,000.     It 
ioG.ooo,ow  ibT^  can  fairly  be  assumed  that  there  exists  in  coal-tar  a  quan- 
tity of  anthracene  which  is  more  than  sufficient  to  manufact- 
ure an  amount  of  alizarine  equal  to  that  contained  in  the 
above-mentioned  quantity  of  madder. 
The  discovery  of  the  artificial  production  of  alizarine  rests 
Gncbe  &,  Lie-  ou  au  obscrvatiou  made  by  Graebe  &  Lieberraann,  in  1868, 
'^^™*°^'  that  alizarine  bore  a  very  close  relation  to  anthracene,  ChHiq. 

They  succeeded  not  only  in  reducing  alizarine  to  anthracene, 
but  also  in  converting  the  latter  into  the  former  by  a  proc- 
ess of  synthesis.    They  took  advantage  of  a  discovery  pre- 
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viously  made  by  Anderson  that  wlien  anthracene  is  heated     AHzantie. 
with  nitric  acid  it  is  oxidized  to  a  yellow  crystalline  body, 
which  he  called  oxyanthracene,  C14H8O2,  now  known  by  the 
name  anthraquinone.    On  heating  this  body  with  bromine    Convc«ion  of 
it  yields  dibromanthraquinone,  Ci4HGBr2027  and  on  meltiag  alizarine, 
this  with  caustic  potash  it  is  converted  intoalzarine  accord- 
ing to  the  following  equation — 

CuH6Br202+2KOH =Ci4H804+2KBr. 

Many  other  and  cheaper  processes  for  preparing  this  sub- 
stance have  since  been  discovered  and  patented,  and  the 
dye-stuflf  is  sold  in  the  markets  of  the  world  at  a  price  which 
bids  fair  to  drive  madders  out  of  use  entirely,  and  thus  lib-  ^P«)i»bie  entire 

'  disuae  of  madaer. 

erate  the  thousands  of  acres  of  the  most  fertile  lands  to  the 

• 

culture  of  cereals  or  other  products  of  more  immediate  ne- 
cessity to  the  rapidly  increasing  population  of  a  crowded 
world.  This  coloring  matter  may  also  be  obtained  by  an- 
other and  a  much  cheai)er  process,  which  avoids  the  tedious 
operations  incident  to  the  formation  of  anthraquinone  and 
its  bromated  compound,  and  a  beautiful  product  is  offered  to 
dyers  at  a  greatly  reduced  price.    The  process  may  be  sum-    Procew  of  oon- 

Tenionofanthn^ 

marized  thus :  Anthracene  is  converted  into  a  sulpho  com-  ceno. 
pound  by  means  of  a  sulphuric  acid  aided  by  heat,  from 
which  reaction  results  anthracene-sulpho  acid,  C28H18SH4O3. 
After  proper  dilution  with  water,  the  solution  is  oxidized 
with  chromic  acid,  binoxide  of  manganese,  or  other  similar 
bodies,  and  afterwards  neutralized  with  chalk  or  pounded 
limestone.  The  oxidized  acid  is  then  converted  into  a  potas  • 
slum  salt,  and  heated  with  caustic  potash,  by  means  of 
which  alizarate  of  potassium  is  formed,  and  finally  the  aliza- 
rine is  set  free  by  hydrochloric  or  sulphuric  acid. 

One  of  the  largest  manufacturers  of  this  coloring  matter, 
Messrs.  Bindschedler  &  Busch,  of  Basle,  Switzerland,  who  ^,  ,  ?"??^*»  ^ 

'  '  '  Bindseheuler    it 

displayed  a  magnificent  collection  of  the  latest  novelties  inBosch. 
iirtificial  colors  in  the  Palais  du  Ghami>  de  Mars,  have  allowed 
the  following  process  to  be  published :  Before  commencing 
the  oxidation  they  sublime  the  anthracene  in  a  special  appara- 
tus by  means  of  superheated  steam,  and  finely  pulverize  the 
product.  They  state  that  by  their  process  of  sublimation  subUnuition. 
not  more  than  2  to  3  per  cent,  of  the  material  is  lost,  and  a 
comparatively  pure  i)roduct  is  obtained.  Preliminary  to  the 
main  operation  they  ascertain,  by  testing,  the  exact  theoreti- 
cal amount  of  bichromate  of  j)otassa  necessary  to  oxidize  the 
anthracene  only,  so  as  not  to  employ  an  excess  which  would 
attack  other  hydrocarbons  that  may  be  present,  since  the 
latter  when  oxidized  are  dissolved  in  the  subsequent  steps 
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AUiaHiis.  of  the  process  of  the  pariflcation  of  the  anthraquinone, 
aud  being  carbonized  b}'  the  sulphuric  acid,  would  soil  the 
product. 

In  large  wooden  tanks  lined  with  lead  and  pro\'ided  with 
mechanical  agitators,  200  kilos  of  sublimed  and  finely  pow- 
dered anthracene  are  mixed  with  3,000  liters  of  water,  heated 
to  the  boiling  point  by  steam,  containing  in  solution  192  kilos 
of  bichromate  of  potassa.  After  the  mixtion  is  complete  a 
small  stream  of  272  kilos  of  sulphuric  acid  of  66^  diluted 
with  water  to  the  strength  of  30^  Baum(»,  is  allowed  to  run 
Process  of  slowly  in  for  8  to  10  hours,  during  the  whole  of  which  time 

Bfaidwhedier  &  ^j^^  stirring  must  be  uninterrupted.    The  steam  must  be 
nearly  or  quite  cut  off,  as  the  entrance  of  the  acid  disen- 
gages sufficient  heat  to  maintain  the  ebullition.    Toward^ 
the  end  of  the  reaction  the  steam  should  be  let  on  again. 
Cmde  anthiH-The  thick  mass  of  crude  anthraquinone  is  then  washed 

^    °'^***  and  dried,  and  forms  a  yellowish-red  powder,  weighing 

about  230  kilos.  The  mother- waters  contain  the  sulphates 
of  chrome  and  of  potassa,  which  are  evaporated  and  treated 
to  recover  the  chrome. 

For  the  purification  of  the  crude  anthraquinone,  220  kilos 
of  it  are  very  slowly  added  to  600  kilos  of  sulphuric  acid 
of  (>6o  Baum6,  heated  to  80^  C.  in  a  large  cast-iron  boiler 
furnished  with  a  mec^hanical  agitator;  the  temperature  rises 
to  100^  C,  and  it  should  not  be  allowed  to  exceed  that 
degree,  but  should  be  maintained  at  that  point  until  the 
whole  of  the  anthra<]uinone  is  dissolved,  and  a  test  portion 
of  the  mixture  when  thrown  into  water  lets  fall  a  white 
precipitate.  The  mass  is  then  run  into  large  shallow  leaden 
pans  and  allowed  to  got  completely  cold,  and  the  black 
(?r>'stalline  mass  is  then  boiled  up  in  20  times  its  weight  of 
water.  The  solution  is  passed  through  a  filter  press  and 
the  anthraquinone  is  washed  free  from  the  sulpho  acids  re- 
sulting from  the  action  of  the  sulphuric  acid  on  the  impur- 
ities in  the  anthracene.  When  the  oxidation  has  been 
pushed  too  fur  not  only  are  the  wash-waters  of  a  dark  and 
troubled  appearance,  but  the  quinone  is  likewise  dark  col- 
ored. If  the  operation  has  been  successfully  carried  out  a 
Parifledautbra- yield  of  122  kilos  of  purificd  anthraquiuoue  should  be 

quinone.  obtained.    It  should  pi*esent  a  grayish  color  and  a  crystal- 

line structure  and  contain  90  per  cent,  of  the  pure  substance, 
which  may  be  further  purified  by  boiling  it  with  a  dilute 
solution  of  carbonate  of  soda.  This,  when  washed  and 
dried,  contains  from  93  to  96  per  cent. ;  but  if  resublimed 
with  care  a  sublimate  containing  98  per  cent,  may  be  ob- 
tained.   Two  hundred  kilos  of  anthracene  should  yield  118 
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kilos  of  purified  anthraquinone,  which  sells  now  for  $1.30     Alizarine. 
per  x>ound. 

^Uizariue  (bluish  hue)  is  prepared  from  the  above  by  mix-  bj^j^^^J*  ^ 
ing  100  kilos  each  of  anthraquinoue  and  sulphuric  acidBiuch. 
(composed  of  55  per  cent,  of  monohydrate  and  45  per  cent, 
anhydride),  the  latter  previously  liquefied  on  a  sand  bath 
in  an  enameled  boiler  provided  with  a  mechanical  stirrer 
and  heated  by  means  of  an  oil  bath.    The  heat  is  very    PraparatioD  of 
gradually  raised  until  a  temperature  of  160^  C.  is  attained,  rkfe  from onthra- 
and  the  mass  is  kept  at  that  degree  for  an  hour.    The  con-  ^"^®^®- 
tents  of  the  boiler  are  then  diawn  off  or  emptied  into  a  suffi- 
cient quantity  of  boiling  water,  which  is  maintained  at  that 
temperature  for  some  time ;  the  whole  is  then  thrown  into 
a  filter  press,  in  which  the  undissolved  quinone  (about  25 
per  cent.)  is  retained,  washed,  and  dried.    The  filtrate  and 
wash-waters  contain  principally  anthraquino-monosulphur- 
ous  with  a  little  disulphurous  acid,  which  are  to  be  separated. 
The  mixed  acids  are  saturated  with  sodalye,  when, on  cool- 
ing, the  anthraquino-monosulphite  of  soda  precipitates  out 
in  pearly  white  scales,  whi(!h  may  be  rendered  chemically 
l)ure  by  re<3rystallization.    The  mother-waters  contain  the 
anthraquino-disulphite  of  soda,  together  with  a  little  of  the 
mono-salt. 

On  concentrating  the  mother- waters  the  mono  salt  crys- 
tallizes out  by  refrigeration  and  leaves  thedi-salt  nearly  pure, 
along  with  a  little  suli)hate  of  soda,  which  is  got  rid  of  by 
evaporating  the  solution  to  a  density  of  30^  Baum^,  and 
cooling,  when  the  sulphate  of  soda  crystallizes  out.  The 
filtrate  is  evai)orated  to  dryness,  fused,  and  furnishes  a  very 
yellow  alizarine.  Yeiiow  aiiift. 

One  hundred  kilos  of  anthraquinone  treated  by  fuming 
sulphuric  acid  ai*e  distributed  as  follows :  25  kilos  are  unat- 
tacked,  50  kilos  go  to  form  anthraquino-monosulphurous 
acid,  and  25  kilos  go  to  produce  anthraquino-disulphurous 
acid.  Anthraquino-monosulphite  of  soda,  several  times  re- 
crystallized,  on  fusion  produces  the  varieties  of  alizarine 
specially  emT)loyed  for  coloring  violet  shades  of  red,  and  it^  Alizarine  of 

^  -  _.        .  violet  shades  of 

represents  a  nearly  pure  alizarine.  red. 

For  the  fabrication  of  alizarine  with  a  yellowish  reflec-  AUzarino  with 
tion,  100  kilos  of  anthraquinone  is  heated  to  160o-17(P  C.  Son?  *  ™  ***" 
with  200  kilos  of  fuming  sulphuric  acid  (containing  45  per 
cent,  of  anhydride),  with  constant  agitation  in  the  manner 
above  described,  until  a  few  drops  of  the  mixture  taken  out 
as  a  test  dissolve  completely  in  water.  The  mass  is  main- 
tained at  the  temx)erature  designated  for  an  hour,  when  it 
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Aiizarifu.     jg  tumed  into  water,  dissolved,  neutralized  with  caastic 
soda,  evaporated,  and  fused. 
Process  iu     The  fusiou  of  the  mass  was  formerly  done  in  open  vessels, 
der  pressure,      but  it  was  attended  with  great  loss  of  alizarine  on  account 

of  the  regeneration  of  anthraquinone,  and  the  dye-stuff 
obtained  was  impure.  It  has  been  found  that  when  the 
fusion  is  accomplished  in  closed  vessels  and  under  pressure, 
and  especially  in  presence  of  an  oxidizing  body,  as  chlorate 
of  potassa,  the  yield  is  much  greater  and  the  product  purer. 
It  is  sent  into  commerce  in  the  shape  of  paste,  containing 
from  10  to  20  per  cent,  of  dry  alizarine. 
Eapid  growth     The  growth  of  the  anthracine  industry  has  been  no  less 

oftheanthraoine         .,.,  '^t  ji         'ii'.  i         t 

industry.  rapid  than  its  discovery  and  chemical  history  has  been  won- 

derful. In  less  than  a  year  after  its  discovery  there  were 
five  works  in  Germany  and  one  in  England  engaged  in  its 
manufacture  on  a  large  scale.  In  1876  Germany  sent  into 
commerce  4,000,000  kilos  of  alizarine  paste  of  10  per  cent* 
Beducuon  in  Strength.     lu  1871  it  fetched  26  jfr.  the  kilo,  in  1877  it 

vrioe.  ^^  g^j^  f^j.  5  f j.^  ^^^  during  the  first  half  of  1878  the 

price  fell  to  3.10  fr.,  and  for  a  little  while  at  2.80  fr.  the 
kilo  (28  cents  per  pound).  During  last  August  and  Sep- 
tember the  price  went  up  on  account  of  a  rise  of  45  per 
cent,  in  the  market  price  of  bichromate  of  potassa. 

causo  of  the  To  ovcrproductiou  of  anthracene  and  its  derivatives, 
ow  p  ces.  together  with  the  universal  depression  in  all  industries,  is 
attributed  the  exceedingly  low  price  of  this  valuable  dye- 
stuff. 

Derivatives  of    Amoiig  the  colorcd  derivatives  of  alizarine,  nitro-aliza- 

Nitro-aiisarine.  riuc  should  bc  uoticcd  as  ouc  which  possesses  considerable 
industrial  importance,  owing  to  the  lively  and  ^^fast^  orange 
color  which  it  communicates  to  cloth.  It  was  first  produced 
economically  on  the  large  scale  at  the  Baden  Aniline  and 
Soda  Works,  and  now  its  manufacture  is  carried  on  in  al- 
most  all  the  establishments  engaged  in  the  anthracene  colors 
industries. 

Preparation  of  This  chcmical  is  prepared  from  a  pure  alizarine  made 
nitro  alizarine,    ^jj^  authraquino-monosulphurous  acid  perlectly  free  firom 

the  di-acid.  It  must  be  dry  and  in  a  finely  powdered  con- 
dition and  mixed  with  a  sufficiency  of  petroleum  ether 
(^^  benzine").  Into  this  mixture  nitrous  acid  is  passed  until 
a  test  portion,  dissolved  in  a  little  boiling  water,  gives  on 
the  addition  of  an  alkali  a  distinct  orange  coloration ;  the 
current  of  nitrous  acid  is  then  stopped  and  the  mixture 
thrown  on  a  filter,  and  the  residue  presse<l.  This  Is  then 
dissolved  in  a  boiling  diluted  solution  of  soda,  the  ebulli- 
tion being  kept  up  until  the  whole  of  the  '^  benzine"  is  got 


^ 
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rid  of,  after  which  the  nitro-alizarine  is  precipitated  from     Aiizanne. 

its  combination  with  the  alkali  by  means  of  bydrochloric  ^j{^^»™riie/'^ 
acid  and  drained  on  a  filter  until  it  is  reduced  to  a  paste 
coutaininy:  10,  15,  or  20  per  cent,  of  "  alizarine  oi-auge."  Aiiwaine 

A  cheaper  and  simpler  process  than  the  one  above  re- 
ferred to  is  employed  in  some  works  for  the  preparation  of 
this  color,  consisting  principally  in  substituting  the  ^^  cham- 
ber crystals "  from  vitriol  works,  instead  of  nitrous  acid 
especially  i)i'epared. 

This  body  not  only  serves  an  important  purpose  as  a  dye^.  Anthracene 
stuff,  but  it  has  lately  assumed  the  role  of  a  matidre  prem- 
ise in  the  manu&cture  of  anthracene  blue,  which  is  at- 
tracting so  much  attention  as  a  succedaiieum  for  indigo. 
Dr.  Koch,  chemist  to  the  manufactory  of  Bindschedler  & 
Busch,  of  Basle,  gives  the  following  summary  of  the  proc-  p«)oeii. 
ess  employed  in  their  works :  Equal  parts  of  very  concen- 
trated sulphuric  acid  and  anhydrous  glycerine  are  mixed 
and  heated  to  200^  C,  with  a  fiftieth  of  their  weight  of  dry 
nitro-alizarine  powder ;  after  the  reaction  is  accomplished 
the  product  is  turned  into  a  dilute  solution  of  alkali,  zinc 
dust  added,  and  heat  applied.  After  the  reduction  by  means 
of  the  zinc  dust  is  finished,  the  whole  is  thrown  on  a  filter; 
the  alizarine  blue  formed  and  remaining  in  the  filtrate  is 
precipitated  out  by  means  of  a  current  of  air.  This  color- 
ing matter  is  very  slightly  soluble  and  forms  nearly  insolu- 
ble lakes  with  lime ;  consequently  its  application  in  dyeing 
is  attended  with  more  difficulty  than  is  experienced  with 
alizarine. 

This  new  color  gives  greenish-blue  lakes  with  lime,  ba-  ^  Tinu  obteined 

from  antbraoeDe 

ryta,  and  ii'on;  a  reddish-blue  with  alumina;  a  ^'iolet-blue  Wue. 
with  chrome,  and  a  red- violet  with  tin.  Stuffs  mordanted 
with  these  salts  will  consequently  be  dyed  in  corresponding 
colors ;  that  obtained  on  cloth  mordanted  with  iron  salt  re- 
sembles closely  the  color  produced  under  like  circumstances 
by  indigo.  These  colors  are  all  distinguished  for  their  great 
permanence  and  ability  to  resist  the  action  of  detergents, 
being  altered  neither  by  soap  nor  chlorinated  lime.    Like .  ^.B«haye«  uke 

indigo  when  re- 

indigo,  alizarine  blue  may  be  reduced  in  presence  of  an  al- ducwi  and  eubse. 

w^v        '^u      •  ^         u    J  1    u  J  1  quenUyoxIdlaed. 

kau,  with  zmc  powder,  hydrosulphurous  acid,  or  glucose, 
and  gives  ^  yellowish-brown  ^lution,  from  which  mor- 
danted goods  extract  the  reduced  color,  and  on  exposure  to 
the  air  they  become  blue  by  its  oxidation. 
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Alizarine  blu4.  ALIZARINE   BLCTE. 

Report  [Extraoted  from  report  of  MM.  Koeoblin  &  Prad'homme,  of  MnlhonBe.! 

of    Koechlin    &  '^  "* 

orame.  ^^^  body,  notwithstanding  its  derivation  and  name, 
should  be  classed  with  indigo,  as  it  possesses  properties  »ui 
generis,  and  would  occupy  a  place  intermediate  between 
indigo  and  alizarine.  Alizarine  blue  is  found  in  commerce 
in  the  form  of  purplish-brown  or  bluish  paste,  containing 
10  per  cent,  of  coloring  matter.    When  crystallized  out  of 

ito  charaotor.  its  bcnzinc  solutiou  it  takes  the  shape  of  purplish-brown 
needles,  with  a  metallic  luster.  It  fuses  at  17(P  C,  giving 
off  orange-red  vapors,  which  condense  on  cool  surfaces, 
taking  the  shape  of  needles  of  a  bluish-black  color.  It 
is  nearly  insoluble  in  water,  but  it  is  soluble  in  small  pro- 
portion by  alcohol  and  benzine,  giving  rise  to  red  solutions. 

Behavior ander     Concentrated  sulphuric  acid  dissolves  it  to  a  very  fine 

treatment     with  ^  "^ 

acida,etc  red  solutiou,  which,  when  heated  for  sometime  and  treated 

with  water,  lets  fall  a  blue  precipitate,  which  seems  to  pos- 
sess all  its  primitive  tinctorial  powers.  Arsenic  acid  of  70o 
B.  dissolves  it  easily  to  an  orange-red  solution,  which  passes 
to  the  color  of  fuchsine  red  on  the  addition  of  glycerine. 
With  lime,  baryta,  and  strontia  it  gives  blue-green  or 
green- blue  lakes.  A  boiling  solution  of  alum  or  of  sulphate 
of  alumina  does  not  dissolve  a  trace  of  this  coloring  matter, 
a  property  sufficient  to  characterize  it,  and  serves  as  a  dis- 
tinct line  of  demarkatiou  between  it  and  alizarine  and  pnr- 
purine. 
Hues  obtained     In  dvcing,  the  hucs  obtained  by  the  use  of  different  mor- 

by  mordanting.      ,       .      *  *^' -  ,,  "^ 

dants  are  as  follows : 

Witb  alumina Purplish  bine. 

With  iron  Greenish  bine. 

With  chromo Violet. 

With  tin Reddish  violet. 

Oxide  of  nickel  fixed  upon  the  tissue  is  dyed,  according 
to  M.  Dollfus,  of  a  much  purer  blue  than  with  other  mor- 
dants. 
Preparing  the  Being  almost  iusolublc  in  water,  it  is  necessary  to  add  a 
little  soap,  or  preferably  sulpholeic  or  sulpho-ricinic  acid, 
with  a  slight  excess  of  ammonia,  to  the  bath.  The  propor- 
tions may  be  as  follows : 

1  part  of  alizarine  blue  of  10  per  cent. 
1  to  2  parts  of  fat  acid. 

The  bath  should  be  heated  to  70°  C.  and  gradually  (in 
one  hour)  brought  up  to  the  boiling  temperature,  at  which 
it  should  be  maintained  for  half  an  hour.    The  presence  of 
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certain  salts,  phosphate  of  soda  for  example,  seems  to  fa-  ^^i^orine  Mue 
vor  the  operation  of  dyeing  with  this  matter.    The  whites prudhoimM^  ^ 
are  slightly  affected  during  the  operation,  and  should  be 
at  once  subjected  to  soaping  at  50-GOo  C. 

This  dye  enjoys  the  singular  property  which  indigo  pos-      Properties  of 
sesses  of  becoming  reduced  in  alkaline  solution,  and  may    *  ^*'* 
consequently  be  used  in  the  same  maimer  for  dyeing.    For 
cotton  goods  the  bath  is  reduced  with  zinc  and  soda  or  b\' ,  The  bath  and 

ita  maDagement. 

hyposulphite  of  soda.  The  tissue  after  passing  tlirough 
the  bath  is  exposed  to  the  oxidizing  influence  of  the  air, 
and  the  operation  is  rei>eated  until  the  depth  of  tone  de- 
sired is  attained,  after  which  the  tissue  is  passed  through 
a  weak  solution  of  chloride  of  lime  or  of  bichromate  of 
potash,  to  which  a  little  lime-water  is  added. 

Solution  of  reduced  alizarine  blue  may  also  be  applied  by    AUsarine  biae 
printing,  and  the  following  mixtui*e  gives  good  results  so  ew>da.    ^ 
fiEu*  as  brightness  and  vivacity  of  tint  are  concerned,  but  it 
does  not  resist  the  action  of  soap  or  of  light : 

Alizarine  blue,  10  per  cent i  liter. 

Solut.  dextrine  (1,000  grams  to  liter) filter. 

Glycerine  of  28° T»p  liter. 

Sal  caustic  soda  of  '36^ tV  liter. 

Zinc  dust 25  grams. 

The  want  of  permanence  of  this  color  is  owing  to  the  ab-        Fixing  the 
sence  of  mordant,  and  if  chrome  or  iron  in  the  form  of  salts 
not  precipitable  by  alkalies  are  added  the  color  is  rendered 
comparatively  "fast." 

Alizarine  blue  reduced  by  stannite  of  soda  and  thickened 
with  dextrine  gives,  on  steaming,  a  violet  which  resists  well    The  violet  tint. 
the  action  of  soap. 

This  body  may  also  be  fixed  upon  the  tissue  by  a  process 
analogous  to  that  called  bleu  faience^  made  by  printing  rather  "Bine  faxenoe." 
heavily  and  passing  the  goods  alternately  through  a  reducing 
and  an  alkaline  bath. 

The  real  value  of  alizarine  blue  consists  in  the  facility  of   vaiunWe  quai 

ity    <  *     --    » - 

its  application  to  the  tissue  by  the  process  of  steaming  and  blue, 
its  solidiU,    These  qualities,  if  it  were  not  for  its  very  high 
price  at  present  ($1  per  pound  of  the  10  per  cent,  paste), 
places  it  at  once  in  a  superior  position  to  ultramarine  and 
indigo. 

The  best  mordants  are  ferrocyanide  of  i)otassium  or  am-  Mordants, 
monium  and  acetate  of  chromium,  which  give  fast  colors 
but  a  blue  slightly  purplish.  The  addition  of  acetate  of 
lime  to  the  paste  to  turn  the  tint  towards  greenish  blue  is 
not  attended  with  advantage.  The  color  is  purer,  but  it  has 
no  brilliance  or  ''  vivacity."    M,  Dupuy  employs  acetate  of 
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Aiizannebitu.  chromiam  and  chloride  of  calcium  concarrently.     It  haa 
Prud'bSmml?*  ^  '^^^^^  found,  howevcT,  that  chloride  of  magnesium  serves  a 

better  purpose  than  the  latter,  and  the  following  color  is 

recommended : 

CompoundiDg  Thickening 250  grams. 

the  color.             Alizarine  blue  of  10  per  cent 50  grams. 

Acetate  of  chromium  of  10  per  cent 16  cubic  centimeters. 

Chloride  of  magnesium  of  10  per  cent 16  cubic  centimeten. 

Ferrocyanide  of  potassium  of  10  per  cent 8  cubic  centlmeteTB. 

Glycerine 32  cubic  centimetois. 

Thiokening.        The  thickening  is  comx>08ed  as  follows : 

Water 3  liters. 

White  starch 125  grams. 

Lightly  roasted  starch 375  grams. 

Olive  oil 150  grams. 

Mix  and  boil  for  one  hour  over  a  very  gentle  fire. 

PrinthiK.  The  color  is  printed  on  the  tissue  prepared  with  a  moder- 

ately strong  sulpholeic  acid  solution  (1  part  to  20  to  30  of 

Steaming.  watcr),  a  couditiou  essential  to  success.  The  steaming 
should  have  one  and  a  half  to  two  hours,  and  the  washing 
and  soaping  at  50^  G.  should  last  20  minutes.  The  goods 
should  then  be  passed  through  a  boiling  bath  of  lime  con- 
taining 1  gram  of  quickliitie  to  the  liter  of  water,  which 
serves  to  communicate  a  greenish  tint  on  account  of  the  for- 
mation of  a  calcareous  lake.    Afterwards  it  is  to  be  well 

WMhing.  soaped  and  washed  in  boiling  water,  this  treatment  bring- 
ing out  the  color  to  a  pure  blue.  Baryta  and  strontia  pro- 
duce the  same  effect  on  anthracene  blue  as  lime  does. 

The  color  produced  by  this  substance  applied  as  described 
resists  chlorine  and  Mght  in  a  great  degree,  the  only  change 
observed  being  the  disposition  to  turn  grayish  under  the  in- 
fluence of  light,  but  it  possesses  a  resistance  comparable  to 
that  of  indigo  cuv6. 


Pharmaceutical  PHARMACEUTICAL  PREPARATIONS,  ESSENTIAL 
prtparatians,      OILS,  DRUGS,  AND  RAW  MATERIALS  FOR  PHAR- 
MACY, ETC. 


AUHTKIA. 


AUSTRIA. 


Monfiilcone. 


The  chemical  and  pharmaceutical  art^  are  in  quite  an  ad- 
vanced state  in  Austria,  and  have  their  principal  seats  of 
Famagoiii,  productiou  in  and  around  the  capital.  O.  B.  Fumagalli,  of 
Mnnfalcone,  exhibited  some  pharmaceutical  specialities, 
among  which  were  a  dentifrice  called  anatMrinej  colorless 
cod-liver  oil  "freed  from  stearine,"  etc. 
Grohs,  Vienna.  F.  A.  Grohs,  of  Vienna,  had  a  collection  of  nasal  bougies, 
vaginal  pessaries,  and  suppositories,  which  consist  of  gela- 


CHEMICAL    PROCESSES;    COMMISSIONER   JENKINS  109 

tine  impregnated  with  various  therapeutic  agents.    He  also      AUJirmx. 
sliowed  oval  and  globular  shaped  masses  of  soft  gelatine,  Pharmaceutusai 
properly  medicated,  for  treating  diseases  of  the  ear.    This   '*'*^'^'**^* 
mode  of  applying  medicines  has  attracted  considerable  at- 
tention, and  the  products  of  this  house  are  held  in  high 
esteem. 

Jos.  Lehmann,  of  Briinn,  showed  fine  dried  herbs  and  Lehmaim, 

prei)arations  made  from  them.  He  carries  on  a  large  indus- 
try, exporting  great  quantities  to  various  parts  of  the  world. 

W.  Franz  &  Co.,  of  Vienna,  are  a  large  general  drug  and      rnmr  &  Co., 
chemical  firm  and  warehousemen,  employing  about  GO  work- 
men, and  do  a  large  export  business  in  drugs,  chemicals, 
essential  oils,  prepared  herbs,  and  extracts. 

Paul  Rocca,  of  Triest,  exhibited  pills  and  other  pharma-    Kocca,  Trieste. 
ceutical  preparations. 

J.  F.  Krai,  of  Olmutz,  had  some  metallic  saccharates  and    Krai,  oimntz. 
liquid  metallic  soaps. 

Essences,  ethereal  oils,  and  artificial  fruit  and  liquor  fla-    EMeMet,  oUt, 

Andjlavon. 

vors  were  shown  in  abundance  by  Austrian  exhibitors,  and 
the  specimens  contributed  by  soap  makers  and  perfumers 
give  evidence  that  Vienna  is  a  strong  competitor  of  Paris 
in  the  production  of  toilet  articles. 

J.  Pollak,  of  Vienna,  had  a  handsome  collection  of  fruit  Poiink.  Vienna, 
essences. 

F.  Klepetar  &  Co.  exhibited  a  fine  selection  of  natural  Kiopctar  &  co. 
and  artificial  essential  oils  and  fruit  essences,  among  which 
were  two  kinds  of  oil  of  fennel,  one  called  oleum  fceniouli 
natur,^  described  as  being  obtained  by  redistillation  of  the 
crude  oil  to  separate  it  from  the  other,  which  is  styled  oleum  ous  of  fennel 
coeniculi  stearopt  The  latter  heavier  oil  is  said  to  correspond 
in  softness  of  flavor  and  specific  gravity  to  oil  of  anise, 
while  it  is  much  lower  in  price.  The  oleum  millefolii  has  an 
intense  blue  color  like  that  of  Glerman  chamomile  and  is  said 
to  be  substituted  for  the  latter,  which  is  very  much  higher 
in  price  than  the  former. 

Bussia-leather  essence  (oil  of  birch)  was  shown,  as  well    oii  of  biroh. 
as  artificial  oil  of  mustard  (allyl  isosulphocyanate),  various 
compounds  for  the  preparation  of  factitious  liquors,  and  a 
series  of  artificial  fruit  essences. 

Haas  &  Bosenfeld,  of  Oaya,  Moravia,  contributed  similar  Haas  &  Rosen, 
preparations.  This  house  states  that  their  production  of^®^^*^** 
oil  of  anise  from  native  seeds  was  in  1877  5,000  kilos,  of  oil 
of  fennel  3,500  kilos,  1,100  kilos  of  oil  of  carraway,  etc. 
They  also  preserve  large  quantities  of  fruit  juices  pressed 
from  the  ripe  fruits  grown  in  the  neighborhood.  Experi- 
ments made  on  a  sufficient  scale  and  for  some  time  have 
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AUflTBiA.      demonstrated  to  Messrs.  Haas  &  Rosenfeld  that  bisalphide 
E$8Mcet,  oils,  of  carbon  cannot  be  successfully  used  for  the  extraction  of 
"hom  dtRoBon-  essential  oils  from  plants.    A  considerable  loss  of  the  men- 
^cso  of  bisoi-  struum  is  sustained;  the  same  portion  of  it  can  only  be  used 
pbido  of  carbon.  ^^^  extracting  the  same  oils,  since  the  solvent  cannot  be  en- 
tirely freed  from  the  oil  it  ia  used  to  extract;  and  iinally  it 
was  found  that  oils  extracted  by  its  means  always  possessed 
the  disagreeable  odor  of  the  menstruum. 
Miuier  Broft.,     MUUer  Bros.,  of  Brunn,  exhibited  essential  oils  in  consid- 
erable  variety. 
^wwitB&ca,     Horowitz  &  Co.,  also  of  Brttnn,  with  a  house  in  Yiennay 

showed  a  fine  collection,  consisting  chiefly  of  essential  oils, 

ethers,  tinctures,  and  malt  for  brewers. 

Moritz,  L5w,     Moritz  Low,  of  Hussowitz,  and  Sal  Schmidl,  of  Misslitz, 

&ii  Schmidl,  Moravia,  both  large  producers  of  essential  oils,  were  well 

represented  in  the  Austrian  section.    The  latter  firm  was 

about  the  first  producer  in  Austria  of  this  class  of  products 

for  exportation,  and  the  high  repute  gained  in  the  earlier 

days  of  its  existence  is  maintained.    The  amount  of  oil  ol 

carraway  made  by  this  fabricant  is  enormous,  for  he  under- 

Carraway  ou-  takcs  to  supply  "  tourtcaux  dc  carvi"  (carraway  oil-cake)  in 

ca  o  ors^  no.    ^^^  quantity  for  the  fattening  of  swine,  for  which  purpose 

it  has  been  found  to  be  wholesome  and  well  adapted.    It 
would  be  interesting  to  know  if  swine  thus  fattened  yield  a 
X>eculiarly  flavored  pork. 
ueberbachor,     P.  Uebcrbacher,   of  Bozen,  Tyrol,    sent  carraway  oil, 
water,  and  liqueur  made  from  the  "  wild  "  plant.    In  his  col- 
lection were  also  found  fine  specimens  of  mountain  honey, 
Alpine  butter,  beautiful  Venice  turpentine  pitch  for  brewers, 
etc. 
Demartini,     J.  Dcmartini,  of  Prague,  contributed  purified  wax  and 
^^«^^'  fats,  poplar  buds  and  fats  impregnated  with  their  preserva- 

tive ]>rinciple,  and    rose-water  distilled  from    Bohemian 
roses. 
PongrAtE.  Sod,     E.  Poiigr^tz,  Sou,  &  Co.,  of  Biala,  Silesia,  exhibited  es- 
sences. 
Prochaaka.         F.  Prochaska  showed  peif umes  and  toilet  soaps. 
Caiderara  A,     Galdcmra  &  Blaukmanu,  among  other  excellent  and  hand- 
some perfumes  and  toilet  articles,  showed  a  series  of  articles 
Soaps,  extraota,  destine<l  foT  toilct  usc,  such  as  soaps,  handkerchief  extracts, 
***•  toilet  Ainegar,  cold  cream,  pomade,  dentifrice,  etc.,  impreg- 

nated with  the  essence  of  mugho  pine,  which  not  only  com- 
municates an  agreeable  odor,  but  at  the  same  time  it  fur- 
nishes (according  to  Professor  Kletzinski)  by  its  oxidation  a 
certain  quantity  of  ozone,  which  serves  as  a  disinfectant, 
antiseptic,  and  refreshing  agent  of  no  mean  power. 
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Gottlieb  Taussif?,  of  Vienna,  made  a  remarkably  pretty      ^"»^'^- 
display  of  fine  perfumery  and  toilet  articles,  among  which  ^^J^^^^  *^' 
his  glycerine  soap  and  hard  soaps,  molded  and  colored  in  TauHsijj, vicuna. 
imitation  of  fruits,  lockets,  etc.,  were  especially  worthy  of 
note. 

The  great  factory  of  Sarg,  Son,  &  Co.  exhibited  pure  gly-    sarjr,  son,  & 
cerine  and  fine  soaps.    This  is  one  of  the  most  important   oiycerino  and 
manufactories  in  Austria,  and  ranks  among  the  first  in  Eu-  ^^^^' 
rope.    It  was  founded  by  A.  de  Milly,  in  1834,  and  was 
transferred  to  F.  A.  Sarg  in  1858.    The  first  glycerine  was 
distilled  on  the  Continent  at  this  establishment  in  1868,  and 
crystallized  glycerine  was  here  prepared  in  1872. 

A.  Rosier,  of  Aussig,  exhibited  camphor  from  the  only    RSaior.  Auwig. 
refinery  of  this  i)roduct  in  the  empire.    The  establishment,      ""^  ^^' 
founded  in  1877,  refines  about  100,000  kilos  annually,  and 
supplies  the  demand  for  that  article  throughout  Austria  and 
exports  considerable  quantities.    The  quality  appears  to  be 
very  goo<l. 

Katural  and  artificial  mineral  waters  were  exhibited  by  Mineral  wawrs. 
many  establishments,  of  which  there  are  about  80  in  the 
empire. 

BELGIUM.  BSLuiuM. 

Belgium  sent  very  little  to  the  Exposition  that  was  of  in- 
terest in  a  pharmaceutical  point  of  \iew.  Three  or  four 
firms  sent  specimens  of  hops,  which  were  of  good  quality. 

L.  Corn^lis,  of  Diest,  exhibited   bottles  provided  with   Corn6ii».  Dieet. 
desiccating  stoppers,  in  which  objects  of  every  description        Desricating 
may  be  indefinitely  preserved  in  a  state  of  absolute  dryness.  *  ^^^  "" 
The  flowers  and  other  parts  of  plants  which  he  had  placed  iu  ,  ^  Prewrvation 

.  11.     .I  of  flowers,  odorH, 

these  bottles  w^ere  put  there  m  18 < 4,  and  to-day  it  is  almost  etc. 
imi>08sible  to  disthiguish  them  from  those  freshly  cut.  The 
device  is  perfectly  successful  for  the  purpose  intended.  The 
color  and  odors  of  the  powdered  drugs  he  exhibited  are  so 
well  preserved  that  nothing  is  left  to  be  desired.  There  were 
several  small  exhibits  of  pharmaceutical  preparations,  which 
do  not  call  for  special  note. 

CHINA.  CHINA. 


China  exhibited  drugs  and  pharmaceutical  pi^panitions    Drags, 
from  sixteen  cities.    The  whole  number  of  specimens  enu- 
merated in  its  official  catalogue  as  sent  for  display  is  900, 
and  these  consist  mainly  of  vegetable  substances,  for  the 
Chinese  seldom  employ  mineral  remedies,  and  their  thera-    veKotobiorem. 
peutic  repertoire  is  almost  wholly  derived  from  the  vegeta-     ®*p  °^  p"  *y- 
ble  kingdom.    The  number  of  plants  employed  in  the  treat- 
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CHINA. 


_  ment  of  the  sick  is  immense.    It  may  be  said  tliat  almost 

every  plant  known  in  China,  together  with  many  obtained 

from  other  countries,  are  ase4  as  medicaments.    They  have 

A    plant   for  a  Separate  plant  for  every  disease,  and  probably  for  every 

H.mptom.  symptom.    They  also  use  several  animal  substances  for  the 

same  purpose ;  for  example,  the  gall  of  the  bear,  horns  of  the 
Animal  sub-  buck,  gelatine  from  the  skin  of  the  Shantung  ass,  amber- 
dies.*^^  "*  '^^^'gris,  bezoars  of  ruminants,  which  sell  for  their  weight  in 

gold,  the  bones,  moustaches,  and  claws  of  the  tiger — all  of 
which  are  held  in  the  highest  esteem  as  therapeutic  agents. 
Substances  of  the  dirtiest  and  most  disgusting  nature  are 
employed  by  them,  one  of  which  is  a  preparation  presenting 
the  appearace  of  button  shellac.  It  is  obtained  by  putting 
frogs  (toads?)  in  a  jar  containing  flour  and  irritating  them 
with  a  stick ;  the  secretion  which  exudes  from  their  skins, 
under  these  painiiil  circumstances,  makes  the  flour  sticky, 
and  it  agglutinates  into  a  proper  mass  to  be  made  up  into 
the  cakes  above  mentioned  for  use  in  medicine.  The  exhib- 
its are  well  preserved  and  carefully  labeled — ^in  Chinese  char- 
acters. 

CAKAUA.  CANADA. 


J.  Davids. 
Lyman  BroH. 

W.  Saunders. 
U.  J.  Romt. 


DBMIARK. 


FBA2CCK. 


Hops. 


The  Dominion  of  Canada  was  not  well  represented  in 
Class  47.  The  few  exhibits  in  this  section,  however,  were 
very  creditable  to  the  chemists  and  pharmacists  who  made 
them. 

J.  Davi<ls,  Toronto,  exhibited  chemical  products. 

Lymiin  Bros.,  Toronto,  sent  a  handsome  collection  of  phar- 
maceutical  preparations  and  chemicals. 

W.  Saunders,  London,  Ontario,  made  a  fine  show  of  fluid 
extracts  of  medicinal  plants  and  crude  drugs. 

H.  J.  liose,  Toronto,  contributed  chemical  products.  A 
fine  collection  of  the  indigenous  plants  of  Canada  were  hand- 
somely exhibited. 

DENMARK. 

This  country  did  not  show  anything  of  interest  to  the 
pharmaceutist. 

FRANCE. 

Many  of  the  French  exhibitors  had  crude  drugs  and  ma- 
tiercH  premieres  associated  with  their  pharmaceutical  prepa- 
rations, but  these  specimens  were  mainly  derived  from  the 
French  colonies,  whose  contributions  of  raw  material  of  al- 
most every  description  and  for  nearly  every  art  and  indus- 
try were  large,  varied,  and  of  great  interest.  The  mother 
country  displayeil  little  else  of  her  own  production  than  the 
few  foUow^ing :  Hops,  of  which  she  i>roduoes  4,400,000  kilos 
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per  aimum;  olive  oil,  24,225,801  kilos,  valued  at  37,791,001  fr.;  _  kiiamce^ 

resin  (1874),  20,395,417  kilos,  valued  at  7^  millions  of  liancs.    Hop8,oUvo  oil. 

Tan  bark  of  French  production,  which  is  held  in  very  high    Tan  iwrk. 

esteem  uot  only  in  France  but  iu  other  European  countries, 

was  exported  in  1870  iu  the  quantity  of  over  57  millions  of 

kilos,  and  valued  at  nearly  15  million  francs.    Madder,  saf-  -    MudUer,  sar 

'  •^  '  froD,  woicd. 

fron,  and  woad  are  the  principal  dye-stuffs  grown  in  France, 

and  their  culture  in  1874  occupied  a  superficies  of  10,900 

hectares.    Since  the  discovery  of  an  economical  process  for 

the  manufacture  of  artificial  alizarine  the  cultivation  of  the 

madder  plant  ha^  been  almost  entirely  abandoned.    Honey   uoucyandwax. 

and  wax  were  produced  in  1874,  the  former  in  the  quantity 

of  9,851,490  kilos,  of  the  value  of  14,358,827  fr.,  the  latter 

in  2,502,570  kilos,   valued  ^it    7,177,087    fr.    BCvsides   the 

hoi)S  produced  at  home,  France  consumed  foreign  hops  to 

the  value  of  about  14  millions  of  francs. 

A^number  of  most  admirable  specimens  of  dried  vegetUr    i>"®d   ^^-viyta^ 
bles,  for  use  in  medicine,  were  exhibited  in  this  section,  and 
the  exhibits  of  corks  and  cork  wootl  and  of  sponges  were 
tnily  magnificent.    Whole  cork  trees  were  placed  in  the    Cork, 
galleries,  and  sponges  in  situ  were  shown,  some  attached  to    spbngea. 
old  vases  and  jugs,  others  to  coral  and  shells,  stones,  and 
other  objects,  which  rendered  this  collection  doubly  inter- 
esting and  instructive.     Some  of  them  had  been  preserved 
in  liquid  before  the  soft  animal  matter  had  been  removed, 
in  which  condition  their  appea^ince  was  anything  but  at- 
tractive.   France  imported  sponges  iu  the  year  1870  to  the 
amount  of  257,878  kilos,  of  which  about  two-thirds  were 
used  in  the  country  and  one-third  exported. 

The  cork  industry  in  France  appears  to  bo  increasing  cork  industry. 
very  much,  for  the  importations  of  bark  have  risen  since 
1850  trom  257,000  to  2,940,000  fr.  in  1870,  and  the  manu- 
facture of  corks  is  said  to  occupy  the  population  of  about 
forty  parishes.  Formerly  a  workman  could  make  only 
1,200  to  1,500  corks  per  day,  but  since  the  introduction  of 
cork-cutting  machinery  4,000  to  0,000  may  be  produced,  ac-  coikmachinery. 
cording  to  size  required.  The  various  a))i)licati(ms  of  this 
valuable  material  to  its  manifold  uses  are  well  and  hand- 
somely represented  by  seven^  firms.  Cork  cutting  by  hand 
and  by  machine  was  carried  on  in  and  ai*ound  the  buildings 
in  the  neighborhood  of  the  Algerian  house  on  the  slope  of 
the  Trocadcro. 

The  manufacture  of  phaiDiaceutical  preparations  has  as-   phannacsutieai 
sumed  large  proportions,   and  the   products  figure  to  no^'"**^'**'*' 
slight  extent  in  the  tables  of  exports.    The  annual  value  of   Annual  yaiuo. 
the  pharmaceutical  products  is  estimated  at  $14,000,000, 
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._  '■"^^^■*'' ^^^  ^^®  manufactures  are  baaed  chiefly  on  crude  material 

Phannaeetitxcai  imi}OTted  from  abroud.    Pharmaceutical  specialties  are  ex- 

products.  ^         _  _  -  ,   ^  .     «,Ak*x    «.«.«.  rrti 

ported  to  the  value  ot  $1,900,000.  The  importation  amounts 
to  but  $76,000.  The  general  tendency  of  tlie  pharmaceutical 
establishments  ismo^e  and  more  to  confine  themselves  each 

SiH»ciaiiti«».  to  the  manufacture  of  a  few  certain  specialities  on  a  large 
scale.    The  constantly  growing  interests  centered  in  the  man- 

Perfumcii.  ufactorics  of  perfumes  at  Paris  have  given  a  powerful 
impetus  to  several  branches  of  industry,  such  as  flower  farm- 
ing, the  preparation  of  essential  oils,  the  finer  oils,  and  fats, 
etc.  The  exhibition  was  imposing  in  its  extent  and  tasteful 
arrangement,  and  was  admirably  supplemented  by  the 
enormous  and  finely  classified  exhibit  of  native  products 
from  the  Frent'li  colonies.    One  of  the  most  extensive  and 

Minora!  wttten*.  complete  displays  was  that  of  the  French  mineral  Waters 
in  a  special  pavilion.  Forty-five  departments  in  France 
possess  mineral  waters,  and  the  107  leading  springs  yield  a 
daily  supply  of  03,000,000  liters,  divided  a«  follows,  accord- 
ing to  their  leading  constituents : 

Litem. 

Character  of  Sulphur  springs. 23,370.000 

BprinRR.  Carbonic  acid ir),146,000 

Chlorides 13,050,000 

Sulphates 10,050,000 

Iron 384,000 

63,000,000 

nipiMriiaractei     The  pharmaceutical  preparations  exhibited  in  the  French 

uf    the     French  .       *  ,         ^  ,    ,       ,    .,  ^ 

phannunuticai  section  prcscntcd  a  fine  appearance  and  lead  the  observer 

to  place  a  high  estimate  on  their  claims  for  great  distinction ; 
and  although  some  exhibitors  may  have  enhanced  the  ap- 
parent value  of  their  products  by  meretricious  means,  still 
many  of  them  give  evidence  of  the  considerable  progress 
Eiepant  phar-  ^\^^^  jg  ^eiug  made  in  the  practice  of  "  elegant  pharmacy." 
This  art  is  not  altogether  unknown  in  our  country,  where 
it  is  looked  on  by  the  progressive  party  as  an  evidence  of  a 
steady  progress  in  pharmacy,  and  it  is  hailed  alike  by  doc- 
tor, a])othecary,  and  patient;  yet  it  appears  that  this  prog- 
ress must  be  had  by  the  withdrawal  of  the  manufacturing 
processes  more  and  more  from,the  hands  of  the  apothecary, 
and  bring  him  ultimately  down  to  the  level  of  the  mere 
retailer  of  articles  made  by  others.  There  can  be  no  doubt 
that  pharma(;eutical  preparations,  like  other  products  of 
manufacturing  industry,  may  be  produced  by  means  of  supe- 
rior apparatus  and  special  skill,  acquired  in  the  constant  per- 
formance of  a  few  operations,  of  better  quality,  more  sightly 
appearance,  and  at  greatly  reduced  prices,  than  can  be 


CHEMICAL   PROCESSES:    COMMISSIONER   JENKINS.  115 

turued  out  in  the  old  way.    Apropos  of  this  subject,  the       fraxce. 
"Loudon  Pharmaceutical  Journal  and  Transactions"  savs: 

"  Recognizing  tlio  extent  t<»  which  this  chiss  of  businoHO  [referring  to     jsiegant    pbar- 
the  growth  of  'elegant  pharmacy']  has  developpd  in  the  last  few  years,  macy. 
the  inqniry  naturally  arises  whether  the  time  is  not  coming  when  the 
practice  of  dispensing  by  the  pharraarist  will  become  exceptional  and       Temlency  to 
when  his  onlinary  occupation  will  be  the  simple  retailing  of  already  S?HiM?usiiig       of 
compounded  medicines.     If  this  be  found  to  iRTord  with  the  public  <l»""K«   *»y  pl»a^- 
good  and  public  convenience,  there  will  l)e  little  use  in  protesting  against 
it  or  lamenting  over  it,  and  the  pharmacist  would  no  doubt  show  his 
business  skill  by  accommodating  himsfdf  to  the  altered  circumstances. 
But  there  is  one  consideration  that  will  have  always  to  bo  l)ome  in 
mind,  important  alike  to  the  medical  man,  pharmacist,  and  patient,  and 
that  is,  the  dependence  of  the  reputation  of  the  two  former  and  the 
health  of  the  latter  upon  these  articles  being  truly  what  they  are 
represented  to  be.     There  is  no  intention  to  suggest  any  imputation, 
but  simply  to  rt^cord  a  note  of  warning,  in  recalling  the  fact  that  four 
years  ago  a  committee  reported  to  the  American  Pharmaceutical  Asso- 
ciation that  comiMitition  had  so  far  developed  the  art  of  elegant  phar- 
macy in  the  United  States  that  not  only  the  physical  characters  of  taste  and       Tendency  to 
smell  of  powerful  drugs,  l»ut  the  actual  presence  of  the  drugs  themselves,  frandin  tbeprep- 
in  some  preparations  examined,  had  defied  detection.     Such  a  P<>88i"  JJJJjJw'*  **^  ^^^ 
bility  will  always  help  to  make  the  new  system  somewhat  re]>ugnant 
to  the  instinctfl  of  the  true  pharmacist,  notwithstanding  some  undoubted 
advantages  it  presents,  so  that  although  he  may  guard  himself  as  much 
as  x>08sible  by  deaUng  only  with  makers  of  established  reputation,  and 
bringing  his  scientific  skill  to  bear  in  testing  the  honesty  of  their  prepa- 
rations, his  feelings  will  still  often  be  expressed  by  the  couplet — 

***The  reason  why  I  cannot  tell, 
I  do  not  like  thee,  Dr.  Fell.' 

*' However  the  causts  may  l»e  explained,  and  whatever  may  be  the 
consequence,  a  visit  to  the  x>harmaceuticul  courts  of  the  present  Exhi- 
bition in  Paris  makes  manifest  two  facts  of  great  importance  in  relation 
to  the  future  of  pharmacy,  and  these  are  the  marked  tendency  in  the 
present  day  to  the  accumulation  of  the  preparation  of  medicine  in  the 
hands  of  fewer  persons,  and  of  thes«\  unfortunately,  taking  into  con- 
sideration the  large  class  of  proprietary  medicines,  a  considerable  pro-  Pn>i)rietary 
portion  have  no  iiretensions  to  the  name  of  pharmacist.'* 

The  cultivation  of  flowers  and  the  extraction  of  their  oils     Fiowrr  farms 
for  the  manufacture  of  perfumes  have  long  ago  rendered  *"*  ^^ """  *' 
France  famous,  where  this  industry  has  almost  been  elevated 
to  the  po.siti(m  of  one  of  the  fine  arts. 

Handsome  exhibits  wore  made  bv  the  houses  of  Chiris,    <'hiri«, 

*  Lautler, 

Lautier  Fils,  RoureBertraud  Fils,  and  Court,  all  of  which  Eonre-Bertiunii 
are  fix)m   Grasse,  and  whose  exhibits  consist  mainly  of   Court, 
promades  saturated  with  the  odorous  principles  of  flowers,  Sfantf^.    ''*" 
for  use  as  inatUres  pretnidres  for  the  manufacturer  of  i)er- 
fumes  and  other  toilet  articles,  an  industry  of  great  mag- 
nitude, which  has  its  principal  seat  at  Paris.    The  impor- 
tance of  this  industry  may  be  inferrred  from  the  following 
statistics :  During  the  first  20  years  of  the  present  century 
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^^^^ the  annual  production  of  perfumer's  articles  amounted  to 

FUnoer  farmt  4,000,000  fp. ;    thc  busiuess  increased  to  1866,  when  the 
pennnery.   ^^p^p^g  amouutcd  to    16,000,000  fr.  and  the  home  con- 
sumption   to   10,000,000   fr.   more;    in   1876   the   exports 
were   17,000,000    fr.      England    is    the    largest  customer 
France  has  for  this  class  of  products,  and  the  following;: 

Exports.  countries,  in  the  order  in  which  they  are  named,  take  rank : 
Belgium,  Spanish  America,  Brazil,  Germany,  United  States, 
etc. 

Hanart,  Anzin.  E.  A.  Hanart,  of  Auzlu,  showed  very  superior  oils  from 
labiate  plants ;  he  describes  the  cultivation  of  i>eppermiut 

Peppermint  oil.  and  the  manufacture  of  the  oil.  The  plant  is  harvested  in 
full  sunshine  during  the  month  of  May,  put  up  in  little 
shocks,  and  allowed  to  remain  in  the  field  for  several  days. 
It  is  then  brought  in,  carefully  freed  from  all  foreign  herbs, 
and  the  entire  plants  are  placed  in  the  stills,  which  are 
about  (My  gallons,  capacity,  and  heated  by  steam  circulating 
around  a  jacket  and  through  spirals.    To  avoid  the  produo- 

Distniation.  tfon  of  an  herbaceous  taste,  the  distillation  is  carried  on  as 
rapidly  as  possible.  The  yield  is  -igth  part  and  the  prod- 
uct, which  has  a  greenish-yellow  color,  possesses  a  highly 

Purification,  agreeable  piquant  odor.  The  crude  oil  is  purified  by  several 
washings  with  cold  water,  and  by  exposure  to  the  air  dur- 

Rectification.  jng  somc  wecks  in  a  cool,  dark  place.  After  this  it  is  recti- 
fied and  kept  in  bottles  secluded  from  air  and  light  for  some 
years  before  being  offered  for  sale,  when  it  is  said  to  rival 
the  celebrated  English  oil  both  as  to  quality  and  in  price. 

KoHcrtet,  Pari».     The  housc  of  Robcrtct,  of  Paris,  sent  a  specimen  of  solid  oil 

sai^ot  &  Fou-  of  roses.    That  of  Saujot  &  Foucher,  also  of  Paris,  showed 

iiourc-Bcitrand  a  fine  Specimen  of  concrete  oil  of  orris.    Koure-Bertrand 
'  **  Fils  exhibited  vaseline  as  a  vehicle  for  odors,  and  Ghardin 

di-uo^*"*^**  ^  IMassignon,  of  Paris,  have  applied  paralBno  to  the  same 

purpose.  There  were  upwards  of  a  hundred  exhibits  of 
perfumes  and  kindred  articles  from  Paris,  and  they  all  bore 
the  appearance  of  finish  in  the  highest  style  of  the  art. 
piutrmareutuu.  Thc  piiarmaceutists,  like  the  perfumers,  are  to  l>e  num- 
bered by  hundreds,  and  they  nearly  all  make  very  flue  and 
diversified  displays  of  chemical  and  galenical  preparations, 
but  many  exhibitors  have  specialties  in  their  vitrines,  the 
nature  and  qualities  of  which  can  only  be  guessed  at. 

Adrian  &  Co.,     The  housc  of  Adrian  &  Co.,  of  Paris,  established  in  1872, 

Paris 

employs  120  operators,  who  manufacture  a  full  line  of  verj' 
handsome  chemicals  for  pharmacy,  photography,  etc.  They 
exhibited  resin  of  scammony  of  nearly  perfect  whiteness,  ex- 
ceedingly beautiful  specimens  of  crystallized  digitaline,datu- 
rine,  atropine,  the  salts  of  pilocarpine,  etc.    The  establish- 
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ment  is  a  model  pharmaceutical  laboratory,  provided  with       i^^^^cf.. 
all  the  moderu  appliances  for  the  economical  propar«at  on  of  Phamuuetuitu. 
chemicals,  pharmaceutical  products,  such  as  alkaloids  and 
their  salts,  chloroform,  ethers,  extracts,  powders,  pills,  oint-    Adrian  6^.  co. 
ments,  pastiles,  capsules,  apothecary's  confectionery,  eto. 
It  hjis  attached  to  it  a  complete  laboratory  mounted  for    Laboratoo*. 
chemical  analysis  and  research,  which  is  open  to  members 
of  the  medical  and  pharmaceutical  professions.    There  is 
another  feature  connected  with  this  manufactory  which  is 
of  great  convenience  and  advantage  to  the  pharmacists  of 
Paris  and  its  envh'ons.    Its  perfected  apparatus  and  ma- 
chinery are  placed  at  the  disposition  of  those  who  choose  to 
superintend  the  fabrication  of  theu*  own  preparations. 

Mouysset  and  Darasse  &  Co.,  of  Paris,  and  Grandval,  of  ^      MouyaKet; 

•^  '77        Daraaso   &  Co.; 

Eeims,  as  w^ell  as  Adrian  &  Co.,  exhibited  extracts  made  by  Gnmdvai;  auti. 

a  special  process.    They  present  a  light  color,  a  frothy, 

porous,  crispy  structure,  and  appear  to  be  dry  and  non-hy-     Non  hvgroaco^ 

groscopic.    They  are  said  to  be  made  in  vacuo,  freed  from  ©xtracu. 

chloix)phyll,  and  possess  the  therapeutical  qualities  of  their 

plants  in  a  high  degree.     Some  of  these  extnicts  are  shown 

by  Darasse  dissolved  and  dried  on  glass  dishes,  on  which 

they  appear  transparent  like  varnish. 

Lorety  of  Sedan,  exhibited  extracts  prepared  from  fresh    ^^^^*'  ^^*^^^'' 
nai-cotic  plant^i,  freed  entirely  from  such  matters  as  chloro- 
phyll, starch,  albumen,  and  fatty  matters ;  they  are  said  to 
be  very  permanent  and  thoroughly  reliable. 

Grandval  and  Mouysset  exhibited  saccharated  extracts   So4ichamteacou 
which,  when  diluted  with  a  proper  proportion  of  sirup, 
form  the  medicated  sirups  of  the  codex. 

Armet  de  Lisle  &  Co.,  of  Nogent-sur-Mame,  displayed  a    peUeticr. 
large  collection  of  the  salts  of  cinchona  alkaloids.     This    cinchona  aiuiw 
bouse  is  the  successor  of  Pelletier,  the  discoverer  of  quinine,  *** 
and  the  products  made  by  it  sustain  the  highest  reputation. 
The  amount  of  Peruvian  bark  worked  up  at  this  establish- 
ment is  said  to  exceed  1,000,000  kilos,  and  12,000  kilos  of 
sulphate  of  quinine  are  extracted  annually,  10,000  of  which   suiphateoiqiu- 
are  exported.    Other  manufacturers  of  quinine  and  its  salts  ^ 
are  Taillandier,  of  Argenteuil,  near  Paris,  and  Dubosc  & 
Co.,  of  Paris,  who  showed  tine  specimens  of  their  products. 
Amorphous  quinine  was  contributed  by  Perret  and  by  Lim-     .  Amori>hoTi8 
ousin,  of  Paris.    E.  Beau,  of  Alais,  had  a  case  containing 
preparations  of  antimony,  and  E.  Bellat,  of  Rouen,  sent^^^^^  '^"VSmSn 
ethers,  chloroform,  chloral,  tannin,  etc.    Phenol  and  its  de-  ©tc. 
rivatives  for  hypodermic  use  were  contributed  by  D6clat  &  rivaSvei.""*^  *^**" 
Co.,  of  Paris.    Delpech  &  Co,  of  Paris,  showed  a  large  num- 
ber of  pi*eparations  of  cubebs  and  eucalyptus,  and  DesnoiXcaS^wI^"**'*^" 
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&  Co.,  of  Paris,  exhibited,  among  their  pharinaceutieiil  prepa- 
rations, hematosiue,  and  a  crot>s,  weighing  20  grains,  injule 
of  iron  extracted  from  blood.  Famouze  Frferes,  of  Paris, 
along  with  their  famous  "  Vesicatoire  d'Albespeyre,  had  a 
One  specimen  of  pure  cantharidhie,  andthe  Spanish  fly  pre- 
served lor  ten  years  in  an  atmosphere  of  bisulphide  of  car- 
bon. A  number  of  compounds  of  canthaiidine,  with  the 
alkalies  and  metallic  oxides,  were  also  exhibited  in  this  cavst» 
by  M.  Beguin,  who  also  prepares  a  plaster  having  caout- 
chouc for  its  basis. 

M.  IN^attivelle,  who  lirst  produced  digitalina  in  a  crystallized 
state,  exhibited  some  handsome  specimens;  and  M.  Blo- 
quart,  the  successor  of  Homolle  &  Querenne,  besides  digi- 
taline  in  well-defined  crystals,  showed  a  capsule  containing 
the  substance  in  an  amorphous  state,  bordered  by  a  fringe 
of  feathery  crystals,  indicative  either  of  a  process  of  trans- 
formation or  that  there  are  really  two  bodies,  one  crystal- 
lizable,  the  other  not,  and  that  the  former  is  crystallizing 
out  firom  a  mixture. 

Moreaux,  of  Anizy-le-Chateau,  exhibited  fine  specimens 
of  atropine  and  dat urine  and  their  salts,  and  some  bromo- 
hydrate  of  conicine.  Narceine  and  some  galenical  pi-epa- 
rations  made  from  it  wei'e  found  in  the  cas^i  of  M.  Gigon,of 
Rue  Rambuteau,  Paris.  Montreuil  Frferes,  of  Clichy-hi-Ga- 
renne,  have  an  exci41ent  collection  of  drugs,  among  which  are 
a  calabash  of  curare,  specimen  of  curarin<»,  and  some  mag- 
nificent crystals  of  iodide  of  cadmium ;  and  LLelain,  ot  Paris, 
a  large  assortment  of  i)Owdered  drugs.  The  most  attnict- 
ive  displays  of  fine  chemicals  in  the  building  were  those 
made  by  Billault  &  Billaudot. 

C.  Hoffmann,  Dubosc  &  Co.,  and  Dorvault  &  Co.  (Phanna- 
cie  Centrale  <le  France),  all  of  Paris:  The  firm  first  named 
had  an  exhibit  of  rare  and  beautiful  chemicals,  which  mer- 
ited I  he  term  magnifice:it,  and  was,  perhaps,  the  finest  dis- 
play of  the  chemist's  art  which  bas  ever  been  made.  An 
enthusiastic  chemist  has  described,  in  a  few  words,  this  chef 
iVceuvre  of  the  Fi'ench  section : 

**Tho  bed  of  the  cast*  is  covt^rtMl  with  crystallized  biHiuiitli,  the  splendid 
iridescenco  of  which  demousi  rates  that  the  secret  of  preparing  this  is 
not  lost,  as  has  been  report ed.  Grouped  above  this  are  a  large  number 
of  beautiful  chemicals,  among  which  may  bo  mentioned  crystallizetl 
glucose,  crystallized  dambonite  (caoutchouc  sugar),  and  crystallized 
mannite ;  leucine  from  albumen,  tyrosine  from  librine,  and  alantine  from 
fibrine,  in  white  cryntalline  Hakes.  Then  there  is  a  specimen  of  ery- 
thritc,'or  erythromaunite,  in  transparent  crystals,  sparkling  like  so 
many  diamonds,  and  another  in  Avcll-formed  crystals  nearly  as  large  as 
a  man's  list ;  also  sublimed  alizarine  in  needles  almost  an  inch  long,  and 
sublimed  indigatiue  in  largo  fine  crystals,  resembling  those  of  perman- 
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ganate  of  potash.    Sulphate  of  cadmium  appears  iu  wonderfuliy  per-        f..a-\ci.. 
feet  large  white  rhombic  i)ri8ms,  and  is  accompanied  by  some  line  iodido  pi^armaceutUu 
of  cadmium ;  silicon  is  also  there  in  steel-gray  crystals.     But  one  of 
the  most  exquisite  collections  in  this  cose  is  a  group  of  platino-cyanides,     C.  IIoffmaDii. 
not  only  because  of  their  beautiful  appearance,  but  for  the  interesting 
Illustration  they  afford  of  the  polymorphism  (polychroism?)  of  these 
comi>onnds.    Then  the  yttrium  platino-cyanide  is  in  dichroic  red  and 
green  crystals;  whilst  the  potassium  platino-cyanide  forms  crystals  of  a 
rich  copper- bronze  color,  to  which  the  double  platino-cyanide  of  potas- 
sium and  sodium  affords  a  vivid  contrast,  its  crystals  being  of  a  bright 
yellow  with  a  purplish  tinge." 

A  specialty  of  this  house  is  the  preparation  of  tanniu,  of  '^^^^ 
which  they  manufactured,  by  improved  process  and  appa- 
ratus, in  1876, 60,000  lbs.,  of  which  two-thirds  were  exported 
to  Eussia,  where  it  is  used  for  the  tanning  of  hides.  During 
the  same  period  it  produced  4,000  lbs.  of  gallic  acid,  more  GaUic  acid. 
than  one-half  of  which  was  consumed  in  the  preparation  of 
pyrogallic  acid. 

Chlorate  of  baryta  was  produced  in  the  amount  of  4,000  ^  ^o»"to  of  ba- 
lbs.    Ten  thousand  pounds  tartar-emetic  are  annually  pro-    Tartar emitic. 
duced.    Twenty  thousand  boxes  of  phosphide  of  calcium  ^^  calcium  ^fo? 
were  prepared  for  the  government  for  the  self-luminous  »*f®*y  \nwy>^. 
safety  buoys  lately  introduced  into  the  French  marine  serv- 
ice. 

The  house  of  C.  Hoffmann  exhibited,  among  many  line    Fine  t  .»u.  cuou 

«     i_         .1       •       1     a*  11      X*  jf  j.\  of  the  i-an-r  luet- 

specimens  of  chemicals,  including  a  collection  oi  the  rarer  ais, alkaloids, oto 
ineta,1s,  a  number  of  alkaloids  and  kindred  bodies  and  sev- 
eral synthetical  organic  products.  Worthy  of  mention  were 
noticed  <^serine  and  its  salts,  atropine,  digitaline,  an  im- 
mense display  of  splendidly  crystallized  caffeine,  a  good 
show  of  morphine  salts  with  the  allied  bodies,  meconine, 
codeine,  thebaine ;  also  paracotoin,  kamaline,  elaterine,  men- 
ispermine,  and  a  superb  specimen  of  what  is  rarely  seen, 
namely,  white  crystallized  hyoscyamine;  a  vase  contain- 
ing a  fascicle  of  long  crystals  of  phthalic  anhydride,  a  sub- 
stance recently  sprung  into  great  importance  as  a  fac*tor  in 
the  production  of  the  new  and  ravishing  i-esorcine  colors. 
An  interesting  collection  of  educts  and  products  derived 
Irom  the  animal  secretions  were  among  the  collections  of 
M.  Hoffmann. 

The  Pharmacie  Centrale  de  France  (Dorvault  &  Co.)  is    Dorvauit&co. 
perhaps  the  most  extensive  manufactory  of  the  multitude 
of  chemical  pharmaceutical  confectionery  and  semi-propri-  Pharmaceutical 

coiifoctioiiarv 

etary  articles  used  by  apothecaries  in  France.  Formerly  it 
had  its  sole  seat  in  the  city  of  Paris,  not  far  from  the  Hotel 
de  Ville,  but  some  years  ago  the  company  purchased  the 
drag-powdering  mills  of  M.  Menier  (the  famous  chocolate 
manufacturer),  at  St.  Denis,  and  have  extended  and  im- 
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p^^c^-       proved  the  property  until  it  is  to-day  a  very  large  and  thor- 
Pharmaeeutists.  ouglily  equij^ped  chemical  works,  turning  out  annually  a 
large  and  varied  product  of  chemical  and  galenical  prei)ar 
i)orvr.uit&co.  j.j^lJQjjg     Their  exhibit  consisted,  among  many  other  sub- 
stances, of  a  jar  of  a  hundredweight  or  so  of  large  and 
strychniDe.     haudsomc  crystals  of  strychnine ;  a  half  a  hundredweight 
of  hydrate  of  chloral  in  the  form  of  a  sphere;  specimens  of 
rTthium*!*"^*'    ^'^^®  metals,  lithium  for  example;  a  good  specimen  of  hera- 
AikaioidB.       pathite;  racemic  acid;  alkaloids  and  their  salts,  such  as 
quinine,  pilocaq)ine,  igasurine,  atropine,  jalap,  and  scam- 
mony  resins  nearly  free  from  color. 
DeLaire  &  Co.     jy^  Lairc  &  Co.  exhibited  an  interesting  specimen  of  arti- 
vaniUinc.        ficial  vanilliuc,  prepared  synthetically,  which  diffused  its 
grateful  odor  for  some  distance  around.    They  had  also 
sugar  aromatized  with  it  and  a  preparation  styled  ^^dragees 
^  la.  vanilline.^     The  method  of  preparing  this  body  will 
be  described  in  another  place ;  but  it  may  be  noticed  here 
that  Haas  &  liosenfeld,  manufacturers  on  a  largo  scale  of 
essential  oils  and  artificial  flavoring  essences,  have  stated,  a« 
the  result  of'  their  experience,  that  artificial  vanilline  is 
quite  useless  in  the  flavoring  of  liqueurs,  etc.,  but  that  it  may 
find  its  place  as  an  odor  in  the  art  of  perfumery. 
E.  Perret.  jj  Perrct,  Paris,  showed  pepsin  and  pancreatine  prepara- 

Pepnine.  etc.    ^ious,  diastasc,  bromido  of  camphor,  and  crude  quinium 
from  Losca  bark. 
^Rigaud  &  Dn-     Rig.^mi  &  Dugart,  succcssors  of  Grimault  &  Co.,  are  man- 
ufacturers of  a  number  of  specialties  in  the  way  of  elegant 
pharmaceutical  preparations,  which  have  obtained  a  large 
share  of  public  patronage  in  various  countries.    The  fab- 
rique  gives  employment  to  150  operatives  and  turns  out 
Producuon.      am^uaHy  3^000,000  irancs'  worth  of  produce.    They  exhibited 
iiici^B?rap8,^eI-  iiandsome  perleSy  capsules,  pills,  pastOes,  dragies^  gran- 
uenccs.  \\\q^^  sirups,  csseuces  de  maticoy  and  de  holdo,  de  aanfalj 

de  sassafras,  etc. ;  the  distillations  of  the  essences  being 
tiffected  by  a  new  process,  in  which  a  ''double  current  of 
steam  "  is  claimed  to  give  much  better  results  than  has  here- 
tofore been  obtained.  They  had  also  in  their  vitrine  canna- 
^j^,®P*'°;.P"bine,  guaranine,  etc.,  as  well  as  pepsin  and  pancreatine 

preparations.  Their  wares  are  characterized  by  great  neat- 
ness, taste,  and  finish  of  their  envelopes.  Methylic,  amylic, 
cbioraiB.  ethylic  chlorals  and  Lecont^s  alcoholate  of  chloral  were 
shown  by  this  house,  and  propylic  chloral  was  exhibited  by 
M.  Torchon,  of  Pans,  who  had  some  singular  specimens 
amongst  his  chemicals ;  they  were  a  rat  and  a  cock  preserved 
since  1871  by  the  antiseptic  power  of  a  ten  per  cent,  solu- 
tion of  chloral  iiyected  into  their  veins. 
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Schlumberger  &  Cercltel  were  among  the  few  wlio  exhib-       '^»^^^- 
ited  specimens  of  the  highly  praised  salicylic  acid  and  its  PharmatmttiiU. 
many  preparations ;  numerous  compounds  were  shown^^  such     ScWumbergcr 
as  the  pure  acid  in  the  amorphous  form,  as  well  as  in  a  crys- 
tallized and  sublimed  state,  and  its  salts  with  potassium,    saiicyiio  acid 

'  '  and  ita  salts. 

ammonium,  zinc,  magnesium,  lithium,  quinine,  morphine, 
copper,  and  lead.  The  lithium  salt  is  said  to  be  quite  effi- 
cacious in  the  treatment  of  some  forms  of  rheumatism,  gout, 
and  calculous  diseases. 

Poulenc  &  Wittmann,  Paris,  had  a  fine  display  of  P^^*- ^j^imiM*"*  ^ 
manganate  of  potassa  in  very  large  and  long  crystals; 
lactates,  formates,  nitro-i)russide  of  sodium,  iodine,  glycer- 
ine, and  many  other  handsome  chemicals  used  in  pharmacy. 

Querenne's  iron  was  shown  by  M.  Bloquart,  in  the  form  of   Bioquart. 
a  very  fine,  light,  slate-gray  powder,  absolutely  free  from  Querenne'siron. 
sulphur,  which  wa«  evidenced  by  the  non-coloration  of  lead 
water  by  a  stream  of  gas,  produced  by  the  action  of  diluted 
hydrochloric  acid  on  a  portion  of  the  reduced  iron,  and 
passed  through  the  solution  of  lead  salt. 

Fer  hSmaiiqne  Michelj  consisting  of  a  phosphate  of  iron    Fer  Mmatiqw 
and  phosphate  of  sodium  dissolved  in  water  rendered  alka-"^****** 
line  with  soda,  was  exhibited  as  a  preparation  representing 
the  form  in  which  iron  exists  in  the  blood. 

The  blue  phosphate  of  iron  (ferroso-ferric  phosphate)  and  l.  joUy. 
the  green  and  the  white  phosphates  (ferric  phosphate)  were  iron.**'*  ****  ^ 
exhibited  by  L.  Jolly,  of  Paris,  who  claims  to  have  obtained 
a  phosphate  of  iron  as  an  educt  from  the  blood.  He  seems 
to  have  devoted  much  time  and  attention  to  the  study  of 
the  actual  condition  or  state  of  combination  of  the  iron  in  condition  ot 
the  blood,  and  republishes  some  of  his  memoirs  that  have*™"*"*^**^^®**** 
l>een  presented  to  the  various  scientific  societies  of  Paris. 
One  of  these,  entitled  "  Recherches  svr  la  constitution  chi- 
mique  des  globules  sanguinSj^  claims  in  substance  that  iron 
exists  in  the  blood  globules  in  the  state  of  tribasic  phos- 
phate. He  also  states  that  iron  does  not,  as  is  generally 
affirmed,  form  an  integral  part  of  the  coloring  matter  of 
blood,  and  this  he  thinks  he  demonstrates  by  exhibiting  a 
chloroformic  solution  of  the  hematic  pigment,  free  from 
iron,  and  he  subsequently  gave  a  method  for  extracting  the 
phosphate  of  iron  from  blood,  and  among  the  exhibits  was 
a  quantity  of  it  obtained  from  bullock's  blood  by  means  of 
the  process  described.  This  fundamental  physiological  re- 
search of  M.  Jolly,  if  it  proves  to  be  trustworthy,  reflects 
great  credit  on  pharmacy. 

Boudalt's  pepsin  was  exhibited  in  many  forms  by  Hot-    Boudait's  pop- 
tot  &  Co.    Chassaing  &  Co.  and  M.  Perret  had  pepsin,  sep- 
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"^-^^^'-       ariitely  and  a  compoimd  called  pepsin-diastaso  amoug  their 

pharincceittistt.  exhibits.    M.  Tisy  showed  au  "  elixir  eiipeptique,"  which  is 

tique?*'^^^PeiwS"  ^'*^^^  ^^  coiitaiu  0.10  granis  of  pancreatiue,  0.30  grams  of 
djjwtasc .  t  tc.      diastase,  aud  0.10  grams  of  pepsiu  to  the  spoonful,  while 

M.  Catillon  had  a  preparation  of  pepsin  containing  cinchona, 

iron,  wine,  and  glycerine. 
The  pharmaceutists  of  France  and  of  other  European 

states  have  not  lioiited  themselves  to  the  separation  of 
digeiiSfSi!  ^^  Pepsin,  pancreatine,  and  diastase  as  aids  to  digestion,  but 

they  have  gone  extensively  into  the  preparation  of  digested 

food,  under  the  forms  of  peptones,  for  the  invalid. 

digestive '*princ?.     ^'  Dcfrcsnc,  who  has  made  a  studj'  of  digestive  princi- 
i)ic8.  pi^js^  Ijii^  laid  ^  report  before  the  Academy,  in  which  he 

claims  to  have  isolated  three  distinct  "  ferments,'^  and  has 

MyopHnt.  uamcd  one  myopsinc,  capable  of  digesting  104  times  its 
weight  of  dry  albumen,  but  without  action  on  fat  or  starch; 

steaopHinr.  auothcr  lic  calls  fitcaopsine,  capable  of  breaking  up  24  times 
its  weight  of  fat  without  acting  on  starch ;  and  a  third, 

Amyioptine.  amylop»ine^  not  allectiug  fat,  but  capable  of  converting  25 
times  its  weight  of  stiirch  into  glucose.  He  makes  another 
important  observation,  which  is  that  the  pancreatic  juice  is 
not  identical  in  ditferent  genera  of  animals,  but  attains  its 
maximum  power  upon  albumen — L  e.,  contains  most  myop- 
sine — in  the  omniverae,  whilst  in  the  rumiuantiie  it  is  al- 

Action  of  pau-  uiost  without  actiou  ou  albumcu.  As  proof  of  the  power 
"  of  his  digestive  agent  he  exhibit^s  the  tOtLeleton  of  a  turkey, 
originally  weighing  about  17  lbs.,  floating  in  a  yellowish 
fluid,  the  flesh  of  which  was  entirely  dissolved  (digested) 
by  means  of  his  pancixiatine  mixed  with  warm  water,  into 
which  the  whole  turkey  was  put  immediately  after  it  was 

On  Btarcb.       killed  aud  ''  dressed."     He  also  shows  glucose  resulting  from 
the  conversioD  of  st4irch  by  means  of  amylopsine  and  cod- 
liver  oil,  which  has  been  emulsified  or  digested  by  pan- 
creatine. 
on^ptonSl"^"'^     In  i*egard  to  i>eptoues.  Dr.  Henninger,  a  distinguished 

young  chemist  of  Paris,  in  a  late  work  on  the  nature  and 
physiological  r61e  of  iH^ptones,  says  ho  has  found  that  the 
peptones  derived  from  fibrine,  albumeu,  or  caseine,  when 
Ireed  from  mineral  matter,  all  appear  as  white,  amorphous, 
infusible  powders,  very  soluble  in  water  and  in  glacial 
acetic  acid.  They  react  slightly  acid,  and  behave  like 
aoeUc*^l!rtion8^*^cbly  acid  amides.  When  an  acetic  solution  of  a  peptone 
ofpeptonen.  j^  ti^catcd  with  sulphuric,  hydrochloric,  or  nitric  Ewjid,  a 
plentifid  white  precipitate  is  immediately  formed,  and  collects 
into  a  nearly  colorless  viscous  mass,  soluble  in  water.  This 
he  looks  upon  as  a  salt  of  peptone,  corresponding  to  tlie 
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acid  employed.    No  ditterence  coidd  be  detected  in  the  be- ?'*^'i^i__ 

havior  of  i)q)tones  from  various  sources  towards  reagents,  vharmaceutuu. 
all  having  certain  characters  in  common  with  albuminoid 
matters,  but  less  tendency  to  coagulation  and  precipitation. 
They  approach  closely  to  gelatine,  but  their  hot  solutions  do 
not  gelatinize  on  cooling.  Peptones,  although  apparently  P*-ptonc«. 
identical  in  their  chemical  i)roperties,  differ,  like  the  albu- 
minoid matters  from  wliicjh  they  are  derived,  in  theii*  effect 
on  i)olarized  light,  the  rotatory  power  ol*  albumen-pei)tone 
being  the  weakest  and  that  of  caseini-peptone  the  strongest. 

FUKXcu  COLO- 
FRENCH  COLONIES.  __''""• 

The  collection  of  cmde  drugs  sent  to  the  Exposition  from  Lai j:o  coUec- 
Algeria  and  the  French  colonies  was  very  large  and  varied,  drags/* 
well  aiTanged,  distinctly  labeled,  and  to  the  student  of 
natural  history  was  exceedingly  interesting.  Its  value  was 
greatly  enhanced  by  a  thorough  and  systenmtic  catalogue 
which  the  commissioner  had  ])repared.  This  exhibit  was 
certainly  one  of  the  best  in  the  building,  and,  coming  from 
all  i)arts  of  the  world,  served  to  give  at  a  glance  a  general 
and  comi)rehen8ive  view^  of  nearly  the  whole  vegetable  ma- 
t4*na  medica. 

French  Guiana  sent  a  great  number  of  medicinal  ])]ants  FnmchGuiana. 
and  other  crude  materials  for  pharmacy,  among  which  may 
be  mentio  :ed  citrate  of  lime,  prepared  from  the  juice  of  the 
lime,  which  grows  abundantly  in  that  country ;  curari  poi-. 
son  and  arrows  poisoned  with  it;  grains  of  paradise;  co- 
X)aiba ;  Fareira  brava^  and  a  yellow  Pareira  brava^  w^hich  is 
recommended  only  for  obstructions  of  the  liver ;  simaruba, 
and  QuasHia  amara.  There  w^as  exhibited  from  this  colony 
a  wood,  the  infusion  or  decoction  of  which  is  reputed  to  be 
strongly  aphrodisiac.  Oil  of  boa-constrictoj",  a  remedy  for 
pains,  etc.,  was  contributed  by  the  central  committee.  Ton- 
qua  beau  and  Vanilla  pompona  were  among  the  articles  used 
in  perfumery. 

Martinique  sent  a  great  variety  of  drugs,  principally  de-  Martinique, 
rived  from  the  vegetable  kingdom,  some  mineral  waters,  and 
a  few  articles  ustful  in  the  art  of  perfumery.  Cinchona  cmcbonuimrks. 
barks  were  exhibited,  and  it  is  said  that  the  Peruvian  cin- 
chonas, rich  in  quinine,  may  be  successfully  raised  on  the 
high  lands.  xVmong  the  many  plants  exhibited  was  the  Cas- 
sia occidentalism  the  seeds  of  which,  when  roasted,  are  said  to 
form  the  best  known  substitute  for  coffee,  so  that  if  mixed 
with  ground  coffee  in  a  proportion  no  greater  than  one-til'th 
it  is  impossible  to  detect  it  either  by  sight  or  taste. 
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Fi:rxcn  colo- 

KIE8. 

Gaadoloape. 

St  Pi«rre  a&d 
Miquelon. 


Senegal. 

Groiiud-niits 
and  gums. 


Gaboon. 

PoiaonousvAge- 
table  agenta. 


Strophanlut. 


Preparation. 


Tozk  action. 
Cardiac  poison. 


From  Guadeloupe  the  principal  article  in  thelinoof  dnigs 
was  vanilla,  which,  besides  sugar  and  Campeacby  dye-wood, 
is  the  largest  export  from  that  island. 

The  Isles  of  St.  Pierre  and  Miquelon  sent  only  such  crude 
sirticles  as  are  common  in  the  IJnited  States  and  Canada^ 
A  variety  of  Sarraceniu^  in  great  repute  as  an  abortive  and 
remedy  for  small-pox,  was  exhibited,  as  well  as  Oaultheria 
procumbens,  Coptis  tn/.^  and  Abies  canad.^  the  young  twigs  of 
the  latter  being  used  in  the  fabrication  of  "  spruce''  beer 
and  for  tonic  baths. 

From  Senegal  the  items  of  largest  export  are,  as  given  in  the 
oflBcial  reports  for  1876,  ground-nuts  (Arachide8\  24,000,000 
kilos ;  gum  Senegal  (ot  all  descriptions),  2,486,395  kilos ;  and 
of  caoutchouc  an  amount  valued  at  537,382  £r.  Vettiver 
is  exhibit<3d  by  Lenormand,  of  Saint  Louis. 

Gaboon  contributed  many  vegetables  possessed  of  very 
poisonous  i)roperties,  and  which  no  doubt  will  yield  valua- 
ble therapeutic  agents  when  they  are  thoi'oughly  studied. 
Among  these  may  be  not^ed  Strophantus  hispidus;  ilangoj 
a  plant  belonging  to  the  OrchidacecB ;  icaja^  fix)m  a  species 
of  Strychnos;  alchim^,  from  a  species  of  Ignatia;  okanyago 
and  calabar  leaves  (Physostigma  venenosum).  Ourend6  is  said 
to  be  powerfully  aphrodisiac.  Physostigma  ven,  and  its  al- 
kaloid, 6serine^  have  been  described,  and  are  now  employed 
as  valuable  therapeutic  agents  by  the  medical  profession  in 
most  countries,  and  need  no  further  notice  in  this  place ; 
but  the  Strophantus  hisp.^  the  Erythrophleum  guinsense,  the 
atchimS^  and  the  icaja  deserve  more  than  a  passing  notice. 

The  common  name  of  the  Strophantus  is  inie  or  onaye. 
It  is  a  climbing  plsint,  belonging  to  the  family  Apocynaoeoe^ 
and  yields  a  seed  which  coutixins  a  crystallizable  principle 
endowed  with  powerful  toxic  properties.  This  principle, 
which  is  called  strophantincj  is  obtained  from  the  crushed 
seeds  by  extraction  with  cold  alcohol  of  90°,  which  is  got 
rid  of  by  careful  evaporation.  The  resulting  extractive 
matter  is  exhausted  with  cold  water,  which  after  filtration 
is  concentrated  until  on  cooling  crystals  api>ear.  These  are 
to  be  purified  by  a  second  crystallization.  They  form  quad- 
rilateral plates,  derived  from  the  orthorhombic  prism,  and 
their  solution  deviates  feebly  the  ray  of  polarized  light  to 
the  left.  They  ai'e  soluble  in  water  and  alcohol  and  slightly 
or  not  at  all  soluble  in  ether  and  chloroform.  To  test-paper 
the  crj'stals  are  neutral  and  do  not  give  reactions  character- 
istic of  the  alkaloids.  It  is  powerfully  poisonous  and  pro- 
duces death  by  arresting  the  action  of  the  heart,  the  nervous 
system  and  muscles  maintaining  their  activity  for  sometime 
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after  the  heart  has  ceased  to  beat.  An  alkaloid  called  ineine 
has  been  extracted  from  the  appendages  of  the  seeds  of  this 
plant,  which  does  not  seeni  to  be  capable  of  paralyzing  the 
action  of  the  heart  as  strophautine  hiisbeen  observed  to  do. 

Erythrophleum  guimensCy  a  leguminous  plant  belonging  to 
the  tribe  Mimosae,  known  by  the  common  name  man^ne  or 
bourane,  yields  a  bark  {sassy  bark)  which  the  natives  of  the 
west  coast  of  Africa  employ  for  the  purpose  of  preparing 
an  extract  with  which  they  poison  their  arrows.  It  has  been 
known  for  many  years,  and  quite  recently  Drs.  Gallois  and 
Hardy,  of  Paris,  have  investigated  the  bark  of  the  tree 
chemically  and  discovered  in  it  an  alkaloidal  body  of  most 
energetic  poisonous  properties,  which  they  name  erytkro- 
phUine,  It  is  extracted  from  the  powdered  bark  by  a  i)roc- 
ess  similar  to  that  employed  by  Stas  for  the  separation  of 
alkaloids.  The  chemical  reactions  of  this  body  resemble  in 
some  respects  those  of  strychnine,  but  it  ha«  not  been  suffi- 
ciently studied  to  enable  its  characteristic  properties  to  be 
disthictly  laid  down.  It  has  been  proved  to  be  a  strong 
vaitliac  poison,  the  action  of  the  he^irt  being  speedily  ar- 
rested by  it,  while  the  other  muscles  of  the  body  retain  their 
irritability  for  hours  after  the  arrest  of  the  action  of  the 
central  organ. 

Icajajfi  shrub  called  nCbondon  or  hoiidonj  and  belonging 
to  the  i'amily  of  the  Loganacece,  furnishes  the  ordeal  poison 
employed  by  the  natives  about  Cape  Lopez.  An  alkaloid 
has  been  extracted  from  the  bark  of  this  plant  by  Frazer, 
and  Drs.  Gallois  and  Hardy  have  also  established  the  pres- 
ence of  a  poisonous  principle  in  it,  whose  action  is  said  to 
be  similar  to  that  of  strychnia.  All  these  substances  have 
been  obtained  in  such  small  quantities  that  the  investiga- 
tors have  not  been  able  yet  to  pursue  their  resean*hes  to  a 
point  definite  enough  to  warrant  an  absolute  statement  as  to 
their  real  chemical  properties  or  their  physiological  or  toxi- 
cological  effects. 

Algeria  made  an  extensive  and  fine  display  of  drugs,  tan- 
ning and  dyeing  materials,  all  handsomely  arranged  in  a  spe- 
cial Algerian  building  situated  in  the  Trocad^ro  inclosure. 
Eucalyptus  glohuluSy  Spanish  pellitory,  colocynth,  squill, 
Thapsia  silphium  are  among  the  most  noteworthy  of  the 
exhibits  of  medicinal  drugs.  The  only  specimen  of  the  *'  er  ■ 
got  du  diss  "  in  the  Exposition  found  a  place  in  this  collec- 
tion. Apparently  the  most  important  substance  of  a  me- 
dicinal nature  exhibited  in  the  Algerian  section  is  the  bou- 
nafa  resin^  which  is  the  local  name  of  the  great  panacea  of 
the  North  Aiiican  Arabs  for  Thapsia  resin,  much  of  which 
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is  exhibited,  along  with  an  apparatus  used  for  its  prepara- 
tion. Sevei'al  French  houses  have  taken  up  this  resin  as 
tlie  material  for  a  revulsive  plaster,  and  there  is  a  fair  chance 
thot  it  may  succeed  as  a  popular  remedy.  Fronds  of  the 
Lecanora  esculentn  are  exhibited,  which  are  not  only  curious 
on  ac(;ount  of  their  singular  appearance,  but  interesting  on 
account  of  the  RU])posed  identity  of  the  plant  with  that 
which  furnished  the  manna  of  the  Scriptures.  It  is  said  to 
be  now  used  as  a  substitute  for  wheat  when  that  cereal  is 
scarce,  or  rather  to  mix  with  it  as  a  diluent,  for  its  nutritive 
power  cannot  be  very  great,  since  oxalate  of  lime  constitutes 
two-thirds  of  its  weight.  Eucalyptus  wa«  shown  in  all  its 
tbrms;  leaves,  bark,  oil,  essence,  tincture,  wine,  sirup,  liq- 
uor, lotion,  pills,  cigarettes,  etc.,  occupy  a  conspicuous  posi- 
tion. Eucalyptol  is  the  active  medicinal  agent  of  the  plant« 
but  another  principle,  eucalyptic  acid,  has  been  found  to  exist 
in  some  abundance  in  the  E.  rostrata,  and  is  supposed  to  be 
the  agent  in  the  timber  from  that  tree  which  protects  it  from 
from  the  attacks  of  the  Teredo  navalis. 

Corks  and  cork  wood  are  among  the  largest  it^ms  of  ex- 
port from  Algeria.  In  1870  the  figures  were  5,223,000  fr. 
while  barks  for  tanning  purposes  were  .•^hii>ped  to  the  amount 
of  19,046  tons,  valued  at  3,800,000  fr.  Sponges  are  said  to 
be  found  on  the  coasts,  of  a  fineness  and  quality  comparble 
with  those  from  Syrian  waters. 

From  the  Isle  of  ECmnion  vanilla  was  the  most  interest- 
ing article  exhibited,  and  since  this  perfume  has  grown  to 
be  of  such  importance  in  the  three  arts  of  pharmacy,  per- 
fumery, and  confectionery,  it  would  not  be  uninteresting  to 
know  liow  the  French  nation  foster  its  cultivation.  It  is 
stated  by  a  late  writer — the  reporter  for  the  "  Pharmaceuti- 
cal Journal  and  Transactions^ — that  in  1849  only  3  kilos 
were  exported  from  this  island,  but  in  187C  the  exports 
amounted  to  27,759  kilos,  and  that  the  price  has  fallen  from 
500  fr.  the  kilo  to  32  fr.  The  average  price,  however,  for  a 
a  prime  article  is  from  50  to  100  fr.  the  kilo.  The  cultiva- 
tion of  this  plant  is  attended  with  great  exhaustion  of  the 
soil,  taking  from  each  hectare  in  seven  years  932  kilos  of 
potassium  and  1,350  kilos  of  phosphoric  acid,  besides  con- 
siderable lime  and  msignesia.  This  impoverishment  of  the 
soil,  and  the  subsequent  prolonged  artificial  fertility  thereby 
necessitated,  weakened  the  plants  very  much,  so  they  fre- 
quently showed  symi)tom8  of  blanching,,  which  was  followed 
by  the  attacks  of  destructive  parasites  such  as  Bacterium 
putredini^ty  etc.  Fresh  plants  were  obtained  from  Mexico, 
apropriate  manure  was  used,  and  £t  plan  of  pruning  adoj)- 
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ted,  SO  that  the  plantations  now  present  a  healthy  appear-   tuKv^coio 
ance  and  produce  freely.    Another  plant  grows  in  abund-     -  -  - 

ance  on  this  island  wliich  possesses  an  odor  between  that  of   K^union. 
vanilla  and  tonqua.    This  plant  is  the  Angrwcum  fragrans. 

From  the  islands  of  Saint  Marie,  Nossi-B^,  and  Tahiti^  ^I'^l  ^'\S^' 

^  '  Noiusi-B6,  Tahiti. 

nothing  of  special  importance  is  to  be  noted,  except,  per- 
haps, that  the  last-named  sends  specimens  of  Piper  methys- 
ticumj  the  root  of  which  is  capable  of  yielding  a  large 
quantity  of  alcohol,  and  Tahiti  arrow-root,  yellow  sandal- 
wood, tonqua  and  vanilla  beans. 

From  New  Caledonia  large  and  fine  specimens  of  nickel-   xcwcaiedonia. 
iferous  minerals  are  sent,  as  well  as  ores  of  iron,  chromium,    ore». 
cobalt,  manganese,  copi>er,  etc. 

From  French  Cochin  China  a  great  many  dnigs  were  ex-  cochin  (Jhina. 
hibited,  none  of  which  were  at  all  new,  except  a  variety  of 
ffelose  called  fhao.  and  imported  as  Chinese  or  Japanese^  r^ao.  geioa© 
isinglass.  This  substance  is  made  from  sea-weed,  and  pos- 
sesses properties  which  make  it  interesting  to  the  student 
and  valuable  in  the  industrial  arts.  It  is  used  in  the  place 
of  starch,  gum,  and  the  usual  dressing  for  textile  fabrics — 
all  of  which  it  will  supersede  if  the  accounts  of  it  are  true. 
M.  Heilmann,  of  Rouen,  says  that  1  j)art  of  thao  to  10()  of  ^*»  ^»^'>®  ^^ 
water  produces  a  dressing  which  is  supple  and  strong,  and 
gives  substance  rather  than  stiffness,  while  dextrine,  like  Dreadng  for 
starch,  makes  the  tissue  drier  and  harder,  and  gives  less 
facing  to  thread.  The  addition  of  a  little  glycerine  to  it 
gives  a  dressing  still  more  flexible  and  soft,  and  while  ren- 
dering the  tissues  less  stiff  and  harsh,  it  communicates 
more  "body"  to  them.  M.  Gantillon,  of  Lyon,  says  that, 
once  dissolved,  tliao  will  mix  while  hot  with  any  gum,  dex- 
trine, starch,  or  gelatine.  The  principal  advantage  of  this 
substance  in  dressing  silk  fabrics  is  that  while  preserving 
their  suppleness  it  gives  them  greater  glossiness  and  makes 
them  softer  to  the  touch.  The  mixture  of  tMo  with  traga- 
canth  is  said  to  be  the  best  method  of  using  it.  One  re- 
markable advantage  thao  has  over  other  dressings  is  that 
as  it  is  soluble  only  at  a  high  temperature,  a  moist  atmos- 
phere, fog,  or  even  rain  does  not  affect  the  material  dressed 
with  it.  This  substance  has  the  power  of  making  a  stiff 
jelly  with  100  times  its  weight  of  water. 

From  French  India,  Pondicherry  sent  a  good  exhibit  of  Pondkherry. 
Indian  products,  consisting  of  coloring  and  tanning  mate- 
rials, gums,  resins,  oils,  insinglass,  and  some  raw  materials 
for  perfumery,  none  of  which  axe  very  new  or  require  special 
mention. 
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OK^T  BRiTAiK  GREAT  BRITAIN  AND  IRELAND. 

AND  IRELAND. 

This  kingdom  being  essentially  a  manufacturing  country, 

no  exhibits  of  crude  drugs  were  to  be  seen  except  those 

shown  by  Baiss  Bros.  &  Co.  and  Gidney,  Clark,  &  Co., 

dTOgi  oxhibiudf  ^^t^  ^^  London.    The  former  had  a  case  containing  a  good 

assortment  of  crude  and  powdered  drugs,  and  the  latter 

many  handsome  specimens  of  resins  collected  from  different 

parts  of  the  world. 

hibftlr?nlm*iJrit-     '^^^  cxhibits  from  English  colonies,  however,  like  the 

ish  ci.ionie«.       Frciich  colouics,  wcrc  numerous,  rich,  and  very  interesting. 

The  novel  and  most  striking  of  them  were  various  species  of 
isucaiyptuR.     EncalypUi^  from  Australia ;  a  perfume  from  the  Acacia  pyc- 
nnniha  from  Victoria,  snid  to  diffuse  a  delicious  odor;  and 
Acacia.  dried  bark  of  Acaciu  dccvrrens  from  Queensland,  yielding 

from  18  to  33  per  cent,  of  tannin.    This  tree  is  very  abun- 
dant and  widely  distributed,  and  the  catechu  may  be  made 
irom  it  at  a  cheap  rate.    A  fine  collection  of  crude  drugs 
Sttundera,  o»  was  exhibited  by  W.  Saunders,  of  London,  Ontario.    Brit- 

tario 

ish  Guiana  sent  tonqua  beans,  wourali  poison,  copaiba,  oil 
of  Onodaphne  Qpifera — a  solvent  of  india-rubber,— a  variety 
Bniato.  of  gutta-porcha  called  balafa,  a  substance  which  on  account 

of  its  low  price  and  valuable  properties  will  no  doubt  come 
into  general  use  for  many  industrial  pur})oses. 
^^nidia  and  Ccy-     British  India  and  Ceylon,  sent  among  other  and  numerous 

specimens  of  crude  drugs,  specimens  of  cultivated  cinchona 
praphitl^nn/upT- ^^*""^7 '^  Cinchona  calisaya,,  angUc<i^  SLudjoMcpkinaj  as  well  as 
*'**•  jiraphite,  cinnamon,  vanilla,  vitivert,  and  cardamoms.    No 

small  degree  of  interest  was  attached  to  the  very  complet-e 
disi>lay  of  natural  products  from  the  numerous  colonies  of 
Great  Britain,  which,  coming  as  they  did  from  eveiy  divi- 
sion of  the  globe,  contained  representatives  of  nearly  all  the 
raw  materials  required  by  the  druggist  and  chemist. 


,  Excemnt    ex-     Tlic  pharmaceutical  preparations  and  chemicals  used  in 

bibit  of  phnmui-  *  ,,  11 

ceuticni  pnpara.  rnedicine  were  well  represented,  and  the  show  made  by 

British  exhibitors  was  scarcely  inferior  to  that  made  by  the 
French,  and  in  some  respects  it  was  superior  to  any  in  the 
Exposition. 

bi?d*I^&^Co""^'     l^urgoyne,  Burbridges,  &  Co.  exhibited  a  handsome  col- 

lec/tion  of  pui-e  chemical  and  pharmaceutical  products,  among 
which  were  noticed  very  line  scale  preparations. 
BuHh  &  Co.         Bush  &  Co.,  of  London,  had  a  good  display  of  the  same 
class  of  medicines,  together  with  fniit  essences,  essential 
oils,  citrates  of  lithia  and  potash,  and  many  gmnular  salts. 
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Atkinson  &  Co.,  of  London,  sent  a  fine  exhibit  of  essential  great  imrrAiw. 
oils,  camphor,  alkaline  iodides  and  bromides,  preparations  PharmaeeuHtu. 
of  mercury,  salts  of  cadmium,  and  vermilion.  Atidnaon&co. 

The  first  specimen  of  capsaicine,  the  active  principle  of  capaaicine. 
cayenne  pepper,  shown  to  the  public  was  exhibited  by  Mr. 
Thresh,  its  discoverer ;  it  was  iu  snow-white  crystals.  Threah. 

A.  W.  Grerrard,  of  London,  sent  a  choice  collection  of  rare   a.  w.  oerrard. 
and  handsome  organic  proximate  principles,  among  which 
were  salts  of  pilocarpine  in  crystals,  as  nitrate,  phosphate,    organic  «au. 
and  hydrochlorate ;  crystalline  chrysophanic  acid  from  goa 
powder;  mouobrom  camphor  in  crystals  two  and  a  half 
inches  in  length ;  and  three  varieties  of  aJoin,  named,  accord-    -Coin- 
ing to  the  place  of  origin  of  the  drug,  socaloiriy  barbaloiuy 
and  nataloin. 

Southall  &  Barclay,  of  Birmingham,  had  a  collection  of  ^^«**»^*Bar- 
extracts  made  from  assayed  drugs,  and  pure  chemicals  for 
analytical  purposes.   They  showed  an  ^'A"  cod-liver  oil  made    ^  Codiiver  ou 

unci  6xtraoto< 

in  Norway,  and  alongside  of  it  were  arranged  a  series  of 
small  bottles  containing  proximate  imnciples  said  to  have 
been  extracted  from  the  oil,  such  as  stearic,  cetylic,  and 
oleic  acids,  volatile  fat  acids,  glycerine,  biliary  matter,  and 
gaduine. 

T.  &  H.  Smith,  of  Edinburgh,  had  a  brilliant  exhibit  of  the  t.  and  h.  Smith, 
preparations  of  opium,  many  of  which  they  have  discovered,  Opiamprepara. 
isolated,  and  described.  Among  the  magnificent  specimens 
were  some  bodies  which  are  quite  new;  for  example,  gnos- 
copine  (C34H36N2O11)  and  meconoiosine  (GaHioOa);  hydro- 
chlorate  of  apomorphine;  one  crystallization  of  codeine, 
weighingabout  ten  pounds;  narccine;  meconine;  acrystalline 
mass  of  hydrochlorate  of  thebaine  of  perhaps  twenty  pounds 
in  weight;  thebolactic  acid;  oryptopine;*  nitrate  of  furfur- 
ine;  Fowne's  artificial  alkaloid;  large  and  fine  specimens 
of  cafieine,  etc.  Their  collection  also  contained  specimens 
of  opium  from  almost  every  source  of  the  drug. 

Macfarlan  &  Co.,  of  Edinburgh,  had  a  very  extensive  Maoikrian&Co. 
display — about  ninety  specimens— which  was  of  special  in- 
terest on  account  of  the  number  of  substitution  products  of      substitution. 
the  opium  alkaloids  it  contained.    Besides  the  salts  of  mor-  Sm  i^oids.^ 
phine,  codeine,  uarceine,  and  the  other  well-known  bases, 
they  exhibited  oxynarcotine,  hydrocotarnine,  apomorphia, 
salts  of  trimorphia  and  tetramorphia,  dicodeia,  tricodeia, 
and  tetracodeia.    They  also  had  acetyl,  butyryl,  and  benzoyl 
substitution  products  of  morphia  and  codeia,  in  which  the 
acid  radical  takes  the  place  of  the  hydrogen  in  the  base, 

*  Over  a  pound  of  this  was  on  exhibition^  although  it  ocean  in  opium 
only  to  the  extent  of  tuit  of  one  per  cent. 
9  P  B ^VOL  4 
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oRgAT  BMTAiK.  e.  ^.,  Ci7Hi3(C2H30)K03,  otc.    Narcotine,  witJi  its  derivative 

Pharvuuiwuitu.  opianic  acid,  was  among  the  specimens,  as  well  as  dimethyl, 

Macferian&co  ^^r-narcotine,  etc.    Narcotine  is  an  extremely  interesting 

body  on  acconnt  of  its  many  derivations.     Opianic  acid, 

which  is  derived  from  it  by  oxidation,  may  be,  by  means  of 

prodacu  ^if*^f.  ^^  cxccss  of  potash.  Split  up  into  meconine  and  hemipinic 

um  alkaloids,      ^cid,  and  vanilliiie  has  been  made  from  it.    It  has  been 

found  that  narcotine,  by  a  series  of  complex  changes,  gives 

rise  to  anthracine  and  to  alizarine.    This  house  also  exhib- 

chiorofonn.     itcd  a  purc  chloroform,  for  the  manufacture  of  which  they 

are  quite  celebrated. 

The  exhibits  of  these  two  Edinburgh  houses  were  perhaps 
as  full  of  interest  to  the  pharmaceutist  as  any  in  the  Expo- 
sition. 
Morson&son.      Morsou  &  Sou,  of  Loudou,  exhibited  creosote  and  prepa- 
rations from  it,  pilocarpine  and  its  salts,  gelseminic  acid 
(esculine),  chrysophanic  acid,  etc. 
Bowdicr&Bick-     Bowdlcr  &  Bickcrdike,  of  Church,  presented  very  fine 
carboUc    acid  spccimcus  of  carbolic  acid  and  derivatives.    One  of  their 

and  dorivatiivcs 

specimens  was  about  twenty -five  pounds  of  absolute  phenol 
in  a  granular  state  and  free  from  color.    The  granular  form 
of  this  substance  is  a  guarantee  of  its  purity,  shice  phenol 
containing  the  minutest  amount  of  cresol  is  so  deliquescent 
that  it  cannot  be  reduced  to  a  granular  condition. 
Lowe  &  Co.         Lowe  &  Co.,  of  Manchester,  also  showed  fine  specimens 
of  carbolic  acid  and  its  derivations,  together  with  naphtha- 
line find  its  tetrachloride,  etc. 
Savory   &,     Savory  &  Moore,  of  London,  exhibited  as  novelties  fluid 
Extracts.        cxtracts  and  tinctures  of  jaborandi,  boldo,  guavana,  coca, 
raSwIs^"*^^'^*'^*  ^^^  coto.    They  also  showed  an  extensive  series  of  gelatine 
preparations  for  ophthalmic  and  hypodermic  uses,  the  newer 
ones  being  disks  of  colchicia,  pilocarpine,  curarine,  and 
duboisia. 
h^^t^  ^  ^^'     ^^^®^  ^  Hanburys,  of  London,  showed  handsome  jujubes 

jiOubee.         made  by  Hawker's  process. 
^Riohardaon  &     Pcarl-coated  piUs  were  exhibited  in  an  almost  endless 

variety  by  Richardson  &  Co.,  of  Leicester,  the  largest 
wiiiB.^^"^*^*****^  makers  of  pills  in  the  world.    They  had  on  theur  shelves  at 
the  Exposition  upwards  of  six  hundred  varieties  of  thin- 
coated  pills,  thirty  varieties  of  phosphorus  pills  being  among 
them. 
Kirby  &  Co.        Kirby  &  Co.,  of  Hatton  Garden,  London,  also  exhibited 
Pills  and  loz-  coatcd  piUs,  and  a  new  form  of  medicated  lozenge  called 

•enges.  '  ^ 

glycecolls^  each  containing  a  definite  amount  of  its  particu- 
lar medicine.  These  glycecolls  have  for  their  base  probably 
a  mixture  of  gelatine  and  glycerine. 
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Forster  &  Gregory,  of  London,  contributed  valerianic  acid  Q^^^  Britain. 
and  a  number  of  its  salts,  a  series  of  h  jpophpsphites,  large  ^SSs^Tareg. 
specimens  of  bi-nitro-benzene,  etc.  **Taierianic«ci<L 

J.  B.  Beadman,  of  Glasgow,  showed  citric  acid  in  all  «tc.  ^  ,^   ^ 

r  ^       ^  J.  B.  Keadman. 

Stages  of  its  manufacture,  beginning  with  the  crude  juice   Citric  acid,  etc. 
and  ending  with  the  finished  product.    Native  phosphate 
of  alumina  is  likewise  put  through  the  various  steps  of  the 
manufacture  of  phosphate  of  soda  from  it. 


A  number  of  specialties  or  proprietary  preparations  were    southaii&  Bar- 
exhibited  in  the  British  section.    After  Liebig's  Extract  of     uehiga  ex- 

tract  of  Beef. 

Beef  there  was  the  preparation  of  Southall  &  Barclay,  who 

claim  that  their  soluble  meat  contains  all  the  flbrine,  gelatine, 

and  albumen  of  lean  beef  as  well  as  the  mineral  matters 

natural  to  the  meat,  and  tliat  the  whole  is  partially  digested. 

Pepmia  parci  of  Morson  &  Son,  and  pepiodyne  and  pancre-    p®PJj3f*P^"^** 

atic  emuUion  of  Savory  &  Moore,  were  on  exhibition.    From      ,  Pancreatic 

Melbourne,  Mr.  Bosisto  sent  a  number  of  his  preparations 

of  eucalyptus;  and  Dr.  Day,  of  Geelong,  exhibited  a  "disin-    D^y-g  diainfec- 

fectant,''  consisting  of  rectified  oil  of  turpentine  1  part,**"** 

benzine  7  parts,  and  oil  of  verbena  5  drops  to  the  pint — 

the  size  or  amount  of  the  ^^part"  not  being  designated. 

Messrs.  Wyndham  displayed  a  "spirit  of  eggs,"  which  is    Spirit  of  egga. 
said  to  contain  the  whole  of  the  egg^  shell  and  all,  in  a  spirit- 
uous mixture. 

There  were  several  well-known  London  perfumers  and 
soap  makers  who  had  handsome  displays  of  their  products, 
but  nothing  novel  was  noticed  among  them. 

BRITISH  COLONIES.  brttibh  colo- 

nies. 


From  Jamaica  there  were  numerous  specimens  of  rum,  Jamaic*. 
sugar,  ginger,  dye-woods,  etc.  Among  medicinal  plants  and 
materials  used  in  the  pharmacist's  art  were  noticed  Eucalyp- 
tus  globuliiSj  Acacia  catechu,  HcBmatoxylon  eampeo&ianum,  and 
extracts  from  them ;  cocoa-nut  oil,  oil  of  Anacardium  occiden- 
tale,  oil  of  Moringapterygo»perma,  cold-pressed  castor  oil ;  es- 
sential oils  of  pimento,  of  nard,  of  Seville  orange,  of  lemon,  of 
Barbadoes  juniper,  and  of  Encahjptns  glob.;  and  yellow  and 
bleached  beeswax. 

British  Guiana  contributed  honey  and  Guiana  pepper,   British  ouiana. 
cocoa-nut  oil,  balsam   copaiba,  castor  oil,  seeds  of  Rid- 
nu8  communiSy  bay-rum,  wouraJi  poison,  fish  glue,  and  ba-    Baiatagnm. 
lata  gum.    This  substance  resembles  gutta-percha  in  many 
respects,  and  most  of  it  is  shipped  from  Guiana  and  sold  for 
that  article.    It  is  tasteless,  emits  an  agreeable  odor  on  being 
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^*"i™^"^   warmed,  may  be  cut  like  gntta-percba,  but  is  more  elastic, 

— — — —  tough,  and  leathery,  and  remarkably  flexible.     This  gum  is 

inferior  in  its   qualities  to  india-rubber,  but  it  i>OB8es8e8 

Baiatagum.  properties  which  make  it  superior  to  gutta-percha.  It  is 
completely  soluble  in  benzole  and  bisulphide  of  carbon,  and 
in  oil  of  turpentine  by  the  aid  of  heat,  is  a  powerful  di- 
electric, and  well  adapted  as  insulator  for  telegraphic  and 
other  purposes.  This  body  possesses  properties  giving  it 
rank  between  caoutchouc  and  gutta-percha,  and  for  many 
purposes  will  doubtless  be  found  superior  to  either  of  them. 
It  is  said  to  be  derived  from  the  "bully -tree,''  which  grows 
on  the  banks  of  the  Orinoco,  and  is  prepared  in  a  manner 
similar  to  that  employed  in  the  collection  and  cure  of  india- 
rubber.  British  Guiana  also  sent  several  specimens  of  arrow- 
root and  many  of  rum. 

CapeCoioiiy.  Cape  Colouy  sent  buchu  leaves  and  aloes.  From  Gape 
Town  a  number  of  specimens  of  wines  and  spirits  were 
sent. 

Ceylon.  From  Ceylon  the  exportation  of  cocoa-nut  oil  amounted 

to  the  value  of  $722,705,  of  cinnamon  bark  1,500,000  lbs.,  of 
areca  or  betel-nut  5,075  tons,  and  of  plumbago  to  the  value 

oueandniita.  of  $650,000.  Specimens  of  oils  of  citronella,  of  dihuduy  of 
Tcekunaj  of  cocoa-nuts,  of  Ricinu^  c,  and  a  number  of  others 
from  indigenous  plants,  labeled  in  the  native  tongue,  were 
on  exhibition.  Many  fine  exhibits  of  cinnamon  were  espe- 
cially worthy  of  note. 

straito  setue-  From  the  Strait;s  Settlements  (Singapore,  Penang,  Ma- 
lacca, and  Wellesley)  the  principal  articles  of  export  are 

Spices,  gums,  P^PP^i*?  uutmcgs,  mace,  sago,  tapioca,  gutta-percha,  India- 
sago,  oils,  &c.      rubber,  gambier,  and  essential  oils.    There  were  76  speci- 
mens of  medicinal  herbs  exhibited,  all   carefully  labeled 

Essences.  with  their  name  and  uses  in  Malayan.  Very  fine  essences  of 
cloves,  nutmegs,  cinnamon,  and  patchouly  were  on  exhibi- 
tion in  this  section. 

Mauritius.  From  Mauritius  vanilla  beans  were  exhibited  of  a  very 

'  fine  quality,  as  well  as  tapioca,  arrowroot,  and  nutmegs. 

Seychelles.         Seychelles  sent  cocoa-nut  oil,  ylang-ylang,  cinnamon,  pep- 
per, lemon  juice,  and  rum. 
waiw?^    ^^^     ^^^  South  Wales  sent  effervescent  mineral  waters,  glue, 
arrowroot,  vinegar,  and  a  number  of  specimens  of  wines  and 
ciders. 

victorim.  Victoria  contributed  mineral  waters,  preparations  from 

eucalyptus,  arrowroot,  and  a  great  number  of  wines,  some 
ales,  and  whisky. 

Queensiaiid.        In  the  Queensland  collection  were  found  a  number  of  spe- 
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cies  of  eucalyptus  with  medicinal  preparations  made  fix)m   bbitmii  oolo- 
them.    Bunya-hunya  gum,  a  resin  from  a  conifer,  and  grass- 


tree  gum  or  gum  acariodeSy  derived  fipom  XantharrJicea  arbo- 

rea,  which  is  very  fragrant,  contains  cinnamic  acid,  and  is    Gums,  drugs, 

'  V  «:»  r  /  manioc,  etc. 

used  for  fumigations  and  for  making  sealing  wax.  Senna, 
gelsemium,  quassia,  Riciniis  c,  tapioca,  Croton  t,  oil  of 
orange,  lime  juice,  annatto,  and  arrowroot  were  also  to  be 
seen  in  this  section.  The  authorities  of  the  Botanical  Gar- 
dens of  Queensland  sent  an  oil  of  lemon  prepared  from  oiis  and  e» 
the  Eucalyptus  citriodora^  and  essence  of  verbena  irom  the 
scented  iron  bark.  Pituriy  the  drug  said  to  possess  such  pitori,  iu 
wonderful  courage-compelling  properties,  was  exhibited  here 
in  small  quantities.  It  is  supposed  to  be  derived  from  the  origin,  nature, 
plant  Du^oisia  hapwoodiij  and,  according  to  A.  W.  Oerrard, 
who  examined  a  specimen  of  the  dried  leaf  by  Stas's  method, 
it  contains  an  alkaloid  for  which  the  name  pituria  is  sug- 
gested. It  is  soluble  in  water,  alcohol,  ether,  and  chloro- 
form, and  is  stated  to  give  a  fine  fluorescence  to  light  re- 
flected from  its  edges  or  refraeted  through  it  when  in  the 
solid  state;  it  has  a  bitter  taste,  and  produces  a  numbing 
sensation  similar  to,  but  less  persistent  than,  that  produced 
by  aconite.  Dr.  Bancroft,  of  Queensland,  among  other 
thiDgs  about  this  singular  and  interesting  plant  says :  ''The  and  properties. 
plant  is  used  by  the  natives  as  a  stimulating  narcotic,  and 
its  use  is  confined  to  the  men  of  the  tribe  Mallutha,  all  the 
males  of  which  are  circumcised.  The  old  men,  before  any 
serious  undertakhig,  chew  the  leaves,  and  are  then  in  a  suf- 
ficiently courageous  state  of  mind  to  fight  or  to  undertake 
any  serious  business.  One  old  man  refused  to  have  any- 
thing to  say  or  do  until  he  had  chewed  the  pituri^  after  which 
he  rose  and  harangued  in  grand  style,  ordering  the  explor- 
ers to  leave  the  place."  In  large  doses  it  infuriates  the  user, 
and  in  excessive  quantities  produces  paralysis  and  death. 

In  the  South  Australia  section  a  great  many  exhibits  of  South  Austral- 
the  varieties  of  the  eucalyptus  tree  were  to  be  seen.    Sandal- 
wood and  mimosa  bark  for  tanning  were  also  found  in  this   oa  and  tanning 

^  extracts. 

collection,  as  well  as  olive  oil  and  many  wmes  of  good 
quality. 

West  Australia  sent  a  great  number  of  specimens  of  west  Australia. 
eucalyptus,  including  almost  every  variety  growing  in  the  Bucaiyptus. 
land.  This  tree,  besides,  is  of  great  value  as  a  timber  tree, 
has  lately  become  quite  famous  in  its  hygienic  and  medical 
relations,  and,  if  a  moiety  of  what  is  said  about  its  quali- 
ties is  true,  it  deserves  the  serious  and  instant  attention  of 
the  whole- world.    Professor  Bentley,  of  the  Pharmaceutical 
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BRiTiBH  COLO-   Soclety  of  Great  Britain,  says  in  regard  to  the  medical, 
weatAuatraiift.  pli8^™a<5^"tical,  and  hygienic  uses  and  powers  of  this  plant: 

Beniley  on  the     *<  The  first  and  most  important  influence  which  the  Euoalyptits  globulu9 
uHu.  ^^  ^      is  now  commonly  said  to  exert,  and  that  which  has  brooght  it  into 

prominent  notice,  is  its  power  of  improving  miasmatic  climates  by  de- 
stroying the  paludal  miasm  wLich  causes  fever  in  such  districts ;  from 
The  fever-de-  which  circumstance  it  has  been  called  the  'fever-destroying  tree.'     Its 
*  ^^    ^  ^^'      influence  in  this  respect  was  first  noticed  in  its  native  country,  Austra- 
lia, and  evidence  to  the  same  effect  has  now  been  obtained  from  all 
parts  of  the  world  where  it  has  been  introduced,  and  which  are  favor- 
AlgeSa^"*      °  *^^^  ^®  ^^*  growth.    Thus,  in  Algeria,  where  it  has  been  tried  on  a  large 
Spain^  scale,  and  in  Spain,  districts  previously  noted  for  their  pestilential  air, 

and  consequent  prevalence  of  fever,  have  now  become  quite  free  from 
Capo  of  Good  disease.  At  the  Cape  also,  in  a  very  few  years,  its  cultivation  has  com- 
^^'  pletely  changed  the  climatic  condition  of  the  unhealthy  parts  of  that 

colony  ;  thus,  in  the  neighborhood  of  Constantia  especially,  it  has  been 
stated  that  a  noted  fever  spot,  which  was  covered  with  marsh  water 
both  in  winter  and  summer,  has  in  five  years  been  dried  up  by  the 
planting  of  14,000  of  these  trees,  and  the  inhabitants  now  enjoy  ezcel- 
Cuba,  lent  health.    In  Cuba  again,  marsh  diseases  are  fcist  disappearing  from 

the  unhealthy  districts  where  this  tree  has  been  introduced.    An  inter- 
esting statement  to  the  same  efiect  has  recently  also  been  reported  from 
Italy.  Italy,  where  the  planting  of  some  eucalyptus  trees,  which  in  six  years 

had  grown  to  a  height  of  over  thirty  feet,  had  rendered  healthy  a  part 
of  the  Campagna  which  had  hitherto  been  regarded  as  the  most  fever- 
stricken  part  of  that  unhealthy  district.  The  tree  has  now  been 
planted  to  a  large  extent  in  Italy,  and  hopes  are  entertained  that  in  a 
few  years  malaria  will  be  as  eflcctively  expelled  from  that  country  as 
ague  has  been  from  Lincolnshire  [in  England].  The  testimony'^ 
favor  of  its  anti-malarial  influence  is  so  stroug  that,  allowing  for  ex- 
aggeration in  some  cases,  it  can  scarcely  be  doubted  that  this  tree  does 
produce  a  most  beneficial  efiect  by  destroying  the  fever-producing 
miasm  of  marshy  districts ;  and  that  it  should  consequently  be  intro- 
duced into  all  countries  and  districts  where  the  climatic  influences  are 
favorable  for  it-s  development,  and  where  such  miasmatic  emanations 
are  to  be  found. 
Its  mode  of  ac-  "  The  influence  of  the  eucalyptus  in  this  respect  is  commonly  re- 
Absorption  of  yarded  as  being  serviceable  in  two  ways.  First,  by  the  far-spreading 
^*^^-  roots  of  this  gigantic  tree  pumping  up  water  as  it  were,  and  thus  drain- 

Odorous    ema-  i^^g  ^^^  ^^  i  ^^^y  secondly,  by  the  odorous  emanations  from  ita  leaves 
nations.  having  a  disinfectant  and  antiseptic  influence  on  the  paludal  miasm. 

InTestigations  •  ♦  •  The  very  interesting  investigations  of  Kingzett  have 
proved  that  under  the  influence  of  air  and  moisture  both  peroxide  of 
hydrogen  and  camphoric  acid  are  formed  from  volatile  oils,  the  former 
a  powerful  disinfectant  and  the  latter  an  antiseptic ;  and  hence  there 
can  now  be  no  doubt  that  the  healthy  influence  of  eucalyptus  trees  is, 
to  some  extent  at  least,  and  probably  more  than  we  imagine,  due  to 
the  volatile  emanations  from  the  leaves  under  the  influence  of  air  and 
moisture,  possessing  direct  disinfectant  and  antiseptic  properties,  and 
thus  destroying  the  injurious  efiects  of  paludal  miasms. 
Antiseptic  prop-  **  Another  circumstance  which  has  an  important  bearing  upon  the 
toi.  antiseptic  properties  of  the  leaves  of  eucalyptus  is  that  the  euoalifptol 

of  Oloez,  the  chief  constituent  of  the  volatile  oil  containe4  in  the 
leaves,  has  been  recently  proved  to  possess  great  antiseptic  properties. 
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**  The  greatest  inflaeDce  iu  the  author'a  opiniou  is  produced  by  the    uRmsii  colo- 
power  the  roots  possess  of  absorbing  water  from  the  soil.    It  is  stated  ^ 


that  a  moderat«-sized  eucalyptns  tree  absorbs  as  much  as  teu  times  its  West  Asatralia. 
weight  of  water  from  the  soil;  and  hence,  allowing  fot  exaggeration,     Bmuiey  on  the 
the  enormous  suction  power  of  large  plantations  of  such  trees  may  in  ,^^  *^****  ^ 
some  degree  be  judged  of;  so  that  when  thickly  planted  iu  marshy 
places,  ^  the  subsoil  is  drained  in  a  little  Avhilo  as  though  by  extensive 
piping.'    That  the  main  influence  of  eucalyptus  trees  is  thus  due  to  the  Its  effect  maiiily 
absorptive  power  of  the  roots  is  also  borne  out  by  the  fact  that  other  pj^^y*"^  ^^^ 
plants  of  rapid  growth,  when  planted  in  marshy  districts,  have  a  sen- 
sible effect  in  diminishing  their  malarial  influence.    This  is  notably  the 
case  with  the  sunflower,  which  is  grown  for  this  purpose  to  a  large    Effect  of  the 
extent  in  the  swampy  regions  of  the  Punjab  and  other  parts  of  the  **"**  ^^e^- 
world ;  and  the  effect  has  been  that  districts  which  were  previously  re- 
markable for  their  insalubrity  are  now  reported  to  be  entirely  free  from 
miasmatic  fever. 

^^The  leaves  of  the  eucalyptus  upon  distillation  with  water  yield  EucolyptuB  oil. 
large  quantities  of  an  essential  oil.  This  oil  is  stored  up  in  the  pellucid 
glands  contained  in  the  leaves,  and  which  may  be  readily  observed 
when  they  are  held  up  to  the  light  by  the  semi-transparent  appearance 
they  then  exhibit.  These  oils  are  now  prepared  on  a  large  scale,  and 
form  an  important  article  of  commerce  between  this  country  [England] 
and  Australia.  They  have  generally  a  somewhat  camphoraceous  smell, 
but  the  odor  of  Eucalyptus  globulus  is  by  no  means  agreeable  in  its  con- 
centrated state,  while  that  of  E,  citriodora  has  a  pleasant  citron-like  je.  eitriodora. 
odor.  Most  of  the  oils  as  impoi-ted  have  a  yellowish  color,  although 
others  are  somewhat  blue,  but  when  redistilled  they  are  all  nearly  col- 
orless. 

* '  These  oils  have  been  employed  for  varions  purposes ;  thus,  that  of  the 
Eucalyptus  oleosa  as  a  solvent  for  resins  is  much  used  in  the  preparation  E.  oUosa, 
of  varnishes;  but  they  are  also  of  value  for  diluting  the  more  delicate 
essential  oils  which  are  used  in  perfumery.  Mr.  Rinunel  has  especially 
recommended  them  for  this  purpose,  and  specimens  of  soaps  and  other 
substances  thus  scehted  are  now  exhibited.  The  oils  more  especially 
recommended  on  this  account  are  those  of  Eucalyptus  amygdalina,  E. 
globulus^  and  E,  citriodara, 

'^A  recent  application  of  the  oil  of  Eucalyptus  globulus  is  also  made  by  Bimmers  "Aro- 
Mr.  Rimmel,  who  has  introduced  what  he  has  t4?rmed  an  *  Aromatic  ™***®  Oionlzer." 
Ozonizer,'  and  which  he  recommends  as  a  pleasant  disinfectant.  It  is 
in  the  form  of  a  coarse  powder,  composed  of  pine- wood  sawdust,  through 
which  is  diffused  the  oil  of  eucalyptus,  and  also  the  oils  of  lavender, 
rosemary,  and  thyme.  The  author  finds  that  it  certainly  communi- 
cates an  agreeable  freshness  and  pleasant  odor  to  the  air  of  rooms.'' 

In  consideration  of  tbe  beanty  of  the  different  species,  vaiue  and  im* 
the  proved  influence  of  Eucal}^tus  globulins  in  destroying  tbe  tree, 
pestilential  character  of  marshy  districts,  and  the  numer- 
ous important  economic  and  medicinal  products  which  the 
eucalypti  yield,  this  genus  of  plants  must  be  regarded  as 
one  of  the  most  important  to  man  in  the  vegetable  king- 
dom. 

From  British  India  were  exhibited  a  great  number  of  British  India. 
specimens  of  different  kinds  of  woods  which  furnish  dyeing, 
tanning^  or  medicinal  substances,  and  alongside  were  many 


British  IndiA. 
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T^^BTr^wu)-  well-arranged  samples  of  gums,  roots,  barks,  resins,  eta, 
derived  iroin  them.  One  of  the  most  interesting  features 
in  connection  with  this  exhibit  was  the  display  of  the  barks 
from  the  several  species  of  cinchona  which  have  been  intro- 
duced and  now  extensively  cultivated  in  that  empire. 
Acclimation     The  foUowiug  brief  history  of  the  acclimation  of  the 

of  the  cinchona  ^  *' 

tree.  cinchona  ti'ee  in  India  will  serve  to  give  a  hint  to  our  own 

countrymen  of  the  comparative  ease  and  rapidity  with 
which  this  important  industry  has  been  introduced  into  a 
pestilential  country,  and  x>erhap8  be  a  means  of  directing 
the  attention  of  some  of  our  public-spirited  and  philan- 
thropic capitalists  to  a  subject  of  the  very  greatest  impor- 
tance to  the  future  welfare  of  our  x>eople : 

Birdufood  on  Cinchona  cultivation  in  India,    By  George  Birdwood,  M.  D,,  of  ike  BritUh 
rtSJ^n^*^  /wdian  Section  of  the  Exposition  UniverBelle,  Paris,  1878. 

''The  introductioB  of  cinchona  cultivation  into  India  was  under- 
taken with  the  object-  of  insnring  a  cheap  and  unfailing  supply  of  the 
febrifuge  for  the  use  of  the  millions  who  annuaUy  suffer  from  fever. 

''  Fever  is  by  far  the  most  prolific  cause  of  death  in  India,  carrying 

off  very  many  more  than  all  other  diseases  and  accidents  put  together. 

PmTalenoeand  "^^  total  number  of  deaths  from  fever  in  India  is  upwards  of  a  million 

£^"dL°'  '®^®^  and  a  half  annually.    At  least  half  these  deaths  will  eventuaUy  be  pre- 
vented by  putting  some  cheap  form  of  the  cinchona  alkaloids  into  every 
druggist's  shop  in  the  country,  at  one  rupee  per  ounce ;  and  thus  multi- 
tudes will  be  saved  from  death  or  grievous  suffering. 
DifBoulties  in     '^  "^^^  successful  introduction  of  cinchona  cultivation  into  India  has 

the  introdndUon  been  a  task  of  considerable  difficulty  in  all  its  stages.    It  was  not  only 

tree.  necessary  to  transplant  a  genus  of  plants  irom  one  side  of  the  world  to 

the  other,  it  was  also  an  essential  element  of  success  to  convert  wild 
into  cultivated  plants.  This  involved  a  close  study  of  the  climate, 
soil,  and  general  physical  aspects  of  each  region  where  the  valuable 
species  grow  in  their  native  forests;  a  comparison  of  these  circum- 
stances with  those  prevailing  in  the  East  Indies ;  the  discovery  of  the 
best  npecies,  and  also  of  the  species  best  adapted  to  secure  good  results  in 
their  new  home ;  the  study  of  all  the  requirements  of  the  plants  under 
cultivation,  without  any  guide,  as  the  cinchona  had  never  before  been 
cultivated ;  and,  finally,  the  solution  of  numerous  very  complicated 
questions  relating  to  the  best  and  cheapest  form  in  which  the  febrifuge 
can  be  provided  for  general  use. 
Harkham'a  ini-     ^*The  task  was  difficult  and  complicated.     Mr.  Markham  undertook 

tiatory  projects.  \^  j^  1859,  and  all  arrangements  connected  with  the  collection  of  plants 

and  seeds  in  South  America,  and  their  conveyance  to  India,  have  been 
made  by  him,  and  carried  out  under  his  superintendence.  His  original 
plan  was  to  depute  collectors  to  the  difi'crent  regions  of  the  Andes 
where  the  various  species  flourish,  to  have  the  coUections  made  simul- 
taneously, and  to  convey  them  direct  across  the  Pacific  to  India  in  a 
special  steamer.  But  only  a  poHion  of  his  scheme  obtained  sanction, 
and  no  steamer  was  provided.  He  was,  however,  determined  that  all 
the  species  should  be  secured  eventually,  and  that  the  work  should  be 
complete,  even  if  it  extended  over  many  years.  This  has  been  ^he 
case.    It  has  taken  many  years  to  do  what  might  have  been  done  in 
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one  or  t^o,  and  the  expenne  has  beon  qnadmpled.    Yet  the  whole  work   bbitibh  dtoia. 
is  now  at  last  complete.  Birdwood  an 

**  Jn  1859  Mr.  Markham  was  only  able  to  organize  three  expeditions :  omehona  euUiva- 
one,  under  his  own  command,  to  obtain  plants  and  seeds  of  the  Call- 
sayas  and  other  species  from  Caravaya,  in  Southern  Peru,  yielding  the  p^^^^Qg  ^^  P^ 

yellow  barks  of  commerce ;  a  second,  under  Mr.  Pritchett,  to  collect  *"*i5°?*4?''' 

Piitobott. 
species  in  the  forests  of  Central  Peru,  yielding  the  gray  barks  of  com- 
merce ;  and  a  third,  under  that  eminent  botanist  Richard  Spruce,  to    gpnioe. 
collect  plants  and  seeds  of  the  Cinchona  succirubra  in  the  forests  of  Ecua- 
dor, yielding  the  red  bark. 

^^In  1800  the  whole  of  this  work  was  done,  and  done  thoroughly,  so    Work    aooom- 
£ar  as  the  difficult  and  dangerous  part  of  it  in  the  Andean  forests,  and  ^ 
the  conveyance  of  the  plants  to  seaports  on  the  coast  of  the  Pacific, 
were  concerned ;  but  the  failure  to  furnish  the  means  of  direct  convey-  * 

ance  to  India  led  to  disasters  which  were  inevitable.    The  plants  had     ^^    ,^ 

DifflcnltiM  in 
to  be  conveyed  across  the  Isthmus  of  Panama,  then  to  England,  then  collecting      and 

across  Egypt,  and  down  the  Red  Sea  to  India.    The  first  installment  *'^*^P®™^8- 
firom  Southern  Peru  all  died  on  the  passage,  or  after  reaching  India ; 
but  the  seeds  forwarded  in  the  following  year  germinated,  and  thus  a 
stock  of  C.  oalisaya  trees  was  secured.     Subsequently  more  seeds  from 
Bolivia,  coUected  by  Mr.  Ledger,  were  received,  and  the  plants  raised .   ^^^^^LJ^ 
firom  them  have  proved  to  be  an  exceedingly  valuable  variety,  which  anoancoeM  with 
has  received  the  name  of  ledgeriana.    The  second  installment  of  plants,  *®®°^ 
consisting  of  those  yielding  gray  bark,  was  equally  unfortunate,  but 
thu  precaution  had  also  been  taken  of  obtaining  seeds,  from  which  a 
stock  of  plants  yielding  gray  barks  was  established  in  India.  The  third 
installment,  coming  at  a  cooler  season  for  passing  down  the  Red  Sea, 
was  more  fortunate.    It  consisteil  of  plants  of  C.  auccirubraf  yielding 
red  bark,  nearly  all  of  which  arrived  safely.   Thus  by  1862 the  arrange-     ^v^'V^  JJffiT 
ments  made  by  Mr.  Markham  as  regards  the  above  species  were  crowned  certain  apecies. 
with  complete  success ;  but  the  work  of  introducing  all  the  best  spe- 
cies was  still  far  from  finisheil.    It  remained  to  obtain  the  valuable 
species  from  Ecuador,  yielding  the  crown  barks,  and  also  the  renowned 
species  of  Colombia. 

^'Accordingly  Mr.  Markham  obtained  sanction  for  the  dispatch  of  a     Bxpedition  of 
collector  to  Cuenca  and  Loxa,  in  Southern  Ecuador,  to  obtain  seeds  of  isonador.       ^™ 
the  C.  officinalis^  the  original  species  of  Linneeus  (afterwards  called  C. 
oondamiH€a)f  from  the  bark  of  which  the  Countess  of  Cinchon  was 
cured.     For  this  service  he  selected  Mr.  Robert  Cross,  an  experienced    BobertCroas. 
garilener,  who  had  already  acquired  experience  under  Mr.  Spruce, 
with  instnictions  to  obtain  a  supply  ot  sveds  of  the  best  Loxa  species 
yielding  crown  bark.    Mr.  Cross  reached  Ecuador  in  1862,  made  a  good 
collection  in  spite  of  extraordinary  difficulties,  and  the  seeds  arrived 
safely  in  India  and  Ceylon,  and  germinated  freely.    Mr.  Howard,  the    Howard, 
well-known  quinine  manufacturer,  also  presented  a  fine  plant  of  C. 
offidnalia  (var  uritu8inga)f  from  which  a  large  stock  has  been  obtained. 
Thus  the  introduction  of  the  crown-bark  species  was  secured. 

**  Mr.  Markham's  next  care  was  to  obtain  and  introduce  plants  of  a    Bxpedition    of 
valuable  species  called  C.  pitayenaiSf  which  grows  on  the  slopes  of  the  MWtoOolomWa. 
central  cordillera  of  Colombia,  near  Popayan.   For  this  work  he  again 
secured  the  services  of  Mr.  Cross,  who  set  out  in  1863  and  made  a  goo<l 
collection  of  seeds,  but,  owing  to  damage  sufifered  in  their  transit,  they 
did  not  germinate.   After  some  delay  Mr.  Markham  obtained  sanction 
for  a  second  attempt,  and  in  1868  Mr.  Cross  again  set  out  for  Colombia,  ismJ*'^***^*^  ^ 
this  time  with  mure  fortunate  results,  for  the  seeds  of  C.  pitayentis  col- 


138  UNIVER8AL   EXPOSITION   AT   PARIS,   1878. 

BBiTiBH  INDIA.   Jected  by  liiin  near  Popayan  arrived  safely,  aqd  germinated  freely  in 

Birdwood    <wi  India- 
«*«jj*5>»«  «*'**»»•     **  Meanwhile  the  destruction  of  C  pitayensis  in  its  native  forests  led 

the  collectors  to  seek  for  other  trees  in  more  distant  regions,  and  a  new 

bark  began  to  appear  in  the  market,  of  great  vaiae,  known  as  the  CaU 

isaya  de  Santa  FS.    Mr.  Morkham  resolved  that  this  species  should  also 

be  introduced  into  India.     Tlie  service  was  one  of  special  difficulty  and 

danger,  for  the  trees  are  only  found  on  the  eastern  cordillera  of  Colom- 

h    ^^*»  ^®*^  *^®  sources  of  the  Cagnettf.     He  again  intrusted  the  work  to 

CroAB  to  Colora-  Mr.  Cross  in  1877,  and  again  his  coniidence  in  that  intrepid  and  most 

bia.  1877 and  1878.  ^ble  explorer  was  justified.     In  March,  1878,  Mr.  Cross  arrived  at  Kew 

with  a  good  supply  of  plants  of  the  CaliBaya  de  Santa  F<^,  and  also  of 
the  C.  cordifolia,  yielding  the  Carthagena  barks  of  commerce. 
Vakrieties  now      <<  Thus  at  length  all  the  valuable  species  of  febrifuge  cinchona  plants 
^'^    ^^  indigenous  to  South  America  have  been  successfully  introduced  into 

India.    They  are  as  follows : 

C  calisaya  (yellow  barks),  Bolivia  and  Caravaya. 

C.  nitida         ) 

C.  miorantha  Mgray  barks).  Central  Peru. 

C.  peruviana  S 

C  aucciruhra  (red  barks),  Ecuador. 

C,  officinalis  (crown  barks),  Ecuador. 

Cafufayrd^Santa  F^  >if}}^lZ!!^I^\^^^ru\    I  Colombia. 
avord^folia  ^(Caithagena  barks)    i 

^'  The  first  and  most  hazardous  stage  of  the  enterprise  was  the  collec- 
tion of  the  plants  and  see<ls  in  South  America,  and  tlieir  conveyance  to 
India.     The  second  and  equally  difficult  stage  was  the  cultivation  and 
f  IJj*^™"J,^*^*5>'»  the  discovery  of  the  species  best  suited  for  India,  as  well  as  the  best 

beet   suited    forn^^^thod  of  treatment  with  a  view  to  pi-oducing  the  largest  percentage 

I°*^*^*  of  febrifuge  alkaloidH  in  the  barks. 

Selection  of     "  The  first  ste])  was  the  selection  of  the  most  suitable  sites  for  the 
plantations,  being  those  having  most  resemblance  to  the  native  habi- 
tat of  the  cinchona.     Mr.  Markha.ii  proceeded  to  India  in  1860  to  per- 
form this  duty ;  and  chose  a  site  at  Neddivattum,  on  the  northern 
Neilgherry  slopes  of  the  Neilgherry  Hills,  facing  Wynaad,  for  the  plants  of  C,  sue- 

sites.  virubrdf  the  C.  calisaya j  and  gray  barks,  and  a  site  at  a  greater  eleva- 

tion, under  tli(^  DodabettA  Peak,  for  the  C.  offioinalia  plants.     He  also 
selected  sites  for  plantations  in  Coorg  and  the  Pulney  Hills,  and,  ou 
the  occasion  of  a  second  visit  to  India  in  1866,  in  Travancore  and  Wy- 
naad. 
Convereion   of     <«  The  successful  conversion  of  the  cinchona  from  a  w^ild  to  a  culti- 

wild  state  to  oul-  vated  tree  is  due  to  the  unrivaled  skill  and  ability  of  the  late  Mr. 

tivatiou.  Mclvor,  superintendent  of  cinchona  cultivation  in  the  Madras  Presi- 

dency. Mr.  Mclvor  propagate<l  the  plants  with  great  success,  estab- 
lished them  in  the  plantations,  discovered  the  conditions  under  which 
they  would  give  the  largest  yield,  and  also  the  method  of  I'enewingtho 
bark  by  the  mossing  process,  which  undoubtedly  secures  an  increased 
percentage  of  febrifuge  alkaloids.    The  final  conclusions  are  that  the 

to  S?°bS!?*'«ri©^  ^'  succirubra  species  is  best  adapted  for  use  in  India,  and  for  furnishing 

tics  for  use  and  abundant  supplies  of  a  cheap  febrifuge ;  while  the  C.  officinalis  and  the 

or  market.  Colombian  kinds  will  be  the  most  valuable  barks  for  the  London  mar- 

ket, and  for  securing  a  remunerative  return  on  the  outlay.    By  lti70 
the  Neilgherry  cinchona    plantations  belonging  to  the  government 
Extent  of  plan- covered  1,200  acres  of  ground;  while  private  individuals  iiossessed 

*'^*"*'*-  several  thriving  and  paying  plantations  on  the  Neilgherries  and  in  Wy- 
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naad,  235,747  plants  having  been  distribnted  up  to  1875.    In  the  same   bbitibh  imdia. 
year  there  were  over  a  million  cinchona  trees  in  the  government  planta-      Birdwood  on 
tiona  einduma  cultiva' 

"In  1862  a  cinchona  plantation  was  established  in  British  Sikkim,  *^***   ' 
under  the  superintendence  of  Dr.  Anderson ,  plants  of  C,  BWidrubra  hav- 
ing been  obtained  from  the  Neilgherry  Hills.     Other  kinds  are  not      plantation  in 
likely  to  flourish  iu  the  Sikkim  climate,  but  the  C.  succirubra  is  well  SikUm. 
established  in  the  Rungbeo  plantation.    By  the  year  1875  there  were 
upwards  of  two  million  plants  of  C,  succirubra  at  Rungbeo,  and  the 
propagation  can  be  carried  on  with  ease  to  any  extent. 

"Thus  the  second  stage  of  the  enterprise,  namely  the  cultivation, 
was  crowned  with  complete  success. 

"The  third  and  most  important  measure  is  the  supply  of  a  cheap      Pioductiou  of 
febrifuge  to  the  people.   As  soon  as  it  was  established  that  the  C.  sued-  ®     P  «  *  ^8®- 
rubra  would  be  the  best  species  for  India  a  very  critical  point  arose. 
That  species  yields  a  very  large  percentage  of  total  febrifuge  alkaloids, 
but  only  a  small  quantity  of  quinine.    Mr.  Markham  saw  that  it  was 
of  vital  consequence  to  discover  the  medicinal  value  of  the  other  alka- 
loids, namely,  cinchonidine,  quinidine,  and  cinchonine,  and  to  ascer- 
tain  whether  they,  equally  with  quiniue,  possessed  the  precious  febri-cj^^j  valuoofthe 
fuge  qualities.     He  accordingly  obtained  the  appointment  of  medical  various  alkaloids, 
commissions  in  1866,  for  each  of  the  three  presidencies,  to  investigate 
and  report  upon  this  question.    The  result  was  that  cinchonidine  (the 
principal  alkaloid  in  C.  tuodrubra)  and  quinidine  were  found  to  be 
quite  equal  to  quinine,  and  cinchonine  inferior,  though  still  efficacious 
iu  larger  doses.    This  was  a  great  point,  for  it  made  a  cheap  febrifuge 
medicine  possible.    The  extraction  of  puro  quinine  is  an  expensive    Result, 
process,  but  the  production  of  a  medicine  containing  the  total  alkaloids 
in  the  bark  is  easy  and  simple. 

"  This  important  fact  having  been  established,  Mr.  Markham  next    Cheap  process 
urged  the  adoption  of  a  measure  calculated  to  secure  the  final  object  of  the  qu?iSF.*"^    **  "^ 
introduction  of  ciuchona  cultivation  into  India,  namely,  the  prex^aration 
of  a  febrifuge  medicine  at  the  government  plantations  which  should 
contain  all  the  alkaloids,  and  should  be  salable  at  a  cheap  rate.  With 
this  object  Mr.  Broughton  was  appointed  as  quinologist  on  the  Neil-    Brougbtou. 
gherry  Hills  in  18r)6,  and  in  1873  Mr.  Wood  received  a  similar  appoint- 
ment for  the  Sikkim  plantations.    Mr.  Broughton  adopted  a  method 
for  the  manufacture  of  his  medicine  which  entailed  the  use  of  alcohol, 
and  was,  therefore,  too  expensive.     Up  to  187:)  he  had  made  about  GOO 
pounds  of  an  amorphous  cinchona  alkaloid,  but  the  essential  requisite 
of  cheapness  was  not  secured.    His  method  was  consequently  aban- 
doned.   Mr.  Wood  began  his  actual  manufacturing  operations  in  1875.      Wood's  .^dop- 
His  method  is  the  same  as  that  recommended  by  the  learned  quinolo- 1^.  ^'  ^^^  ^ 
gist  of  The  Hague,  Dr.  J.  E.  De  Vrij,  who  calls  the  resulting  product 
quinetam.    The  powdered  bark  is  first  exhausted  with  cold  acidulated 
water,  and  the  resulting  liquor  is  precipitated  by  a  caustic  alkali .  Scarcely 
any  fuel  is  required,  and  no  expensive  machinery,  merely  some  wooden 
tubs  and  calico  filters.    There  can  soon  be  yielded  by  this  process  about 
140,000  ounces  of  an  efficient  cinchona  alkaloid  every  year,  at  a  cost  of 
less  than  1  rupee  per  ounce.    Quinine,  in  England,  is  from  eight  to 
nine  shillings  an  ounce,  and  in  India  the  price  is  much  higher. 

**Thus  the  great  object  of  this  difficult  undertaking  is  on  the  eve  of    Proximate  en- 
being  secured,  and  an  inestimable  blessing  will  be  conferred  upon  In-  ***•  •access, 
dia,  while  at  the  same  time  the  barks  rich  in  quinine  will  be  sold  in 
the  London  market,  and  will  repay  all  the  outlay  with  interest.    The 
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BBiTiBH  laviA.   sum  of  40,0002.  was  realized  by  these  sales  in  1877  alone.    While,  un 

Benefits  of  oin-  ^^®  ^^^  hand,  cinchona  cnlUyation  will  be  a  most  remnneratiye  public 

choiia      oxiltiy»-  work,  on  the  other  it  will  rob  the  malarious  fevers  of  India  of  three- 

fonrths  of  their  victims,  aad  will  to  that  extent  diminish  the  amount 
of  human  misery  and  suffering." 

HOLLAKD.  HOLLAND. 


From  this  country  very  few  exhibits  of  interest  to  the 
pharmaceutist  were  shown. 

Mouton  &  Sons.  Moutou  &  Sous,  The  Hague,  exhibited  a  large  collection  of 
pharmaceutical  preparations  and  general  chemical  products 

gjfjS^  of  fine  appearance.  Quinetum  of  Dr.  De  Vrij  was  exhibited 
by  this  firm. 

Dr.  Sanders.  jy^,^  Saudcrs,  of  Amsterdam,  exhibited  peptones  of  meat, 
fibrin,  milk,  peptonized  vegetable  albuminoid  substances, 

Peptones  and  peptonized  bread,  peptone  chocolate,  peptone  capsules,  so- 
pancrea  e.  lut^jQ^g  ^f  panci'eatine,  and  pancreatine  in  substance.  The 
following  account  of  peptones  was  given  in  connection  with 
this  exhibit  and  published  in  the  Official  Catalogue  of  the 
Dutch  section :  The  establishment  of  Dr.  Sanders  was  es- 
tablished in  1875,  and  the  business  has  grown  to  such  an  ex- 
tent that  it  requires  a  steam-engine  of  six-horse  power  and 
a  number  of  operatives  to  manufacture  a  sufficiency  of  prod- 
ucts to  supply  the  demand.    The  amount  of  peptone,  in  one 

Produotion.  ^orm  or  another,  turned  out  by  the  factory  annually  is  25,000 
kilos.  Peptone,  known  in  physiology  and  chemistry  as  the 
product  of  the  digestion  of  the  albuminoid  bodies  in  the  in- 
testines, by  means  of  the  gastric  and  pancreatic  juices,  is 
Character  of  distinguished  from  albuminoid  bodies  (1)  by  the  facility  with 
^^    ^  which  it  passes  through  the  dialyzing  membranes  and  the 

walls  of  the  intestines  and  its  rapid  absorption  by  the  blood; 
(2)  by  certain  chemical  properties,  among  which  may  be 
noted  its  great  solubility  in  water  imd  its  non-coagulability 
by  heat,  by  acids,  by  alkalies  or  their  salts,  or  by  sulphate 

Testeforrecog-of  irou.  Pcptonc  is  casily  recognized  by  its  hygroscopic 
^  property,  by  the  violet-red  color  produced  by  the  addition 

of  sulphate  of  copper  to  its  solution,  rendered  alkaline  by 
caustic  fixed  alkali,  and  by  the  yellow  coloration  produced 
by  the  addition  of  nitric  acid.  Albuminoid  bodies,  atlei* 
their  conversion  into  peptone  and  absorption  into  the  blood, 
are  there  reconstructed  into  albuminoids.  Thus,  peptone 
introduced  into  the  stomach  or  into  the  bowels  by  injection 
Action  and  rcQuires  uo  digcstion,  and  the  whole  nutritive  effect  is  pro- 
'  duced  without  drawing  on  the  flagging  energies  of  the  sys- 
tem and  without  delay;  and  as  peptone  represents  the  prin- 
cipal elements  of  nourishment — albuminoid  substances — ^it  re- 
commends itself  whenever  there  is  need  of  rapid  and  vigor- 
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HOLLAND. 


ons  reparation^  or  in  cases  where  digestion  is  defective  or 
inadequate,  as  in  typhoid  fevers,  dysentery,  or  other  intes- 
tinal diseases.    Peptone  is  prepared  by  digesting  meat  by   Peptones. 
exposing  it  in  contact  with  the  pancreas  of  bullocks  at  a  ^' 

proper  and  well-regulated  temperature.   At  the  same  time  a 
peptone  of  bread  is  made,  so  that  by  a  combination  of  the    Modeofprep*- 

/.       1  .  ration. 

meat  peptone  with  that  of  bread  a  complete  food  is  made. 
The  strength  of  the  peptonic  solution  is  such  that  one  part 
of  it  represent*  three  parts  of  the  digestible  elements  of^^^^^^^ 
meat.  It  is  sent  into  market  in  hermetically  sealed  tin- 
boxes,  of  250  grams  each,  at  a  retail  price  of  4  fr.  per  box.  Meat  and  bread 
The  bread  peptone  is  a  thickish,  nearly  dry  mass,  and  is  sold 
for  3  fr.  per  box. 


DUTCH  COLONIES. 


DUTCH  C0L0NIK8. 


Vanillas. 


The  exhibition  in  this  section  was  very  full  and  varied, 
and  possessed  much  interest  to  the  student  of  natural  his- 
tory. The  most  important  displays — to  the  pharmaceutist — 
were  those  of  the  cinchona  barks  and  of  vanilla. 

De  Oroat  &  Co.,  of  Amsterdam,  showed  the  finest  collec-    De  Groat &Co. 
tion  of  vanillas  in  the  Exposition,  displaying  beans  of  Va- 
nilla aromatica  from  Mexico  rind  Mauritius,  of  F.  plantifolia 
from  Bourbon  and  Java,  as  well  as  the  spirally-marked  va- 
nilla from  Ouadeloupe.    They  had  pure  vanilline  extracted    vaniume. 
from  the  bean  and  artificial  vanilline  in  their  collection.   The 
chief  varieties  of  cinchona  bark — this  bark  now  being  one 
of  the  most  important  products  of  Java — were  exhibited,    cinchona, 
such  as  Cinchona  caloptera^  C.  caliaaya^  C.  haaakarlia/nay  0. 
luncifoliaj  G.micrantha^  0.  officinalis^  C.pahudianaj  and  C.  sue- 
eirubra.   The  first  cinchona  plantations  were  laid  out  in  1854, 
and  in  1873  the  number  of  trees  was  estimated  at  no  less 
than  2,000,000,  from  which  an  annual  product  of  100,000 
kilos  of  bark  is  obtained. 

A  number  of  edible  birds'  nests  were  exhibited,  and  oil  of     Edible  birds* 
green  turtle,  coming  frt)m  Dutch  Guiana,  was  noticed  among 
the  specimens. 

ITALY. 


njkLT. 


The  manufacture  of  pharmaceutical  preparations  has  made 
comparatively  rapid  advances  within  the  past  few  years  in 
Italy.  While  10,000  kilos  of  sulpha^  of  quinine  are  re-  sniphateofqui* 
quired  in  the  country  itself,  the  annual  production  is  nearly  S?(Si.*"^  ^ 
double  that  amount.  In  Sicily  large  quantities  of  citrate  of 
quinine  are  prepared  from  the  sulphate  by  means  of  citrate 
of  barium,  and  in  Pavia  and  Milan  large  amounts  of  the 
valerianate  are  manufactured.    Lemon  juice  forms  a  prod- 
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ITALY. 


Lemon  juice. 


Manna. 


Caator*(iil. 


Liooiioe. 


OUve-oil. 


Prof,  do  Luca. 


uct  of  considerable  importance— annual  valuta  of  export 
$560,000.  As  it  is  almost  exclusively  used  for  the  prepara- 
tiou  of  citric  acids  in  other  countries,  efforts  are  being  made 
to  extend  this  bitmch  of  manufacture  in  the  country  itself. 
The  collection  of  manna  forms  an  industry  of  some  impor- 
tance in  Sicily  and  Calabria.  The  exportation  of  flake  manna 
is  39,500  kilos  (worth  $39,500)  and  of  manna  in  sorts  197,400 
Essential  oUb.  kilos  (worth  $79,000).  The  manufacture  of  essential  oils, 
oil  of  bergamot,  etc.,  is  likewise  extensively  pursued  in 
Southern  Italy.  In  Korthem  Italy  no  less  than  16  estab- 
lishments are  engaged  in  the  manufacture  of  castor-oil, 
enormous  quantities  of  which  are  exported  to  other  Euro- 
pean countries  and  America.  The  raw  mateiial  comes  either 
from  the  province  of  Venetiaor  Asia  Minor  and  India.  The 
exportation  of  extract  of  licorice  in  1877  was  12,204  quintals 
more  than  the  imports  of  that  commodity  duiing  the  same 
period.  Olive-oil  was  exported  from  the  kingdom  in  1877 
to  the  large  amount  of  602,301  quintals. 

Professor  de  Luca,  Naples,  sent  an  interesting  exhibition 
of  mannite  obtained  from  the  leaves,  fruit,  and  flowers  of 
the  olive ;  cream  of  tartar  prepared  from  the  leaves,  blos- 
soms, and  fruit  of  the  myrtle. 

Dufour  Brothers,  Genoa,  exhibited  mannite  and  pure  salts 
of  quinine. 

B.  Valeri,  Vicenza;  established  in  1832,  and  employs  50 
operatives  and  14  hydraulic  presses.  The  annual  produc- 
tion is  800,000  kilo8  of  castor-oil. 

Luigi  Biseo  Sarnico,  Bergamo,  exhibited  sublimed  naph- 
thaline in  a  compressed  and  in  a  fused  state. 

Alessi  &  Bonaventura,  Messina,  contributed  fine  essential 
oils  of  bergamot,  lemon,  and  bitter  orange,  extracted  by 
hand,  and concentratedlemon  juice  for  exportation  to  makers 
of  citric  acid. 

Antonio  Tommasi,  Perugia,  showed  pure  asparagine. 

M.  Donadeo,  Carpanzano,  sent  borate  of  caffeine. 
Lorenio  incar-     Lorcuzo  lucardoua,  Caltauissetta,  exhibited  a  collection  of 

dona.  '  ^ 

pharmaceutical  preparations,  among  which  were  the  citrate 
and  the  bisulphate  of  quinine,  ferro-cyanide  of  quinine,  and 
granular  effer\'escent  citrate  of  magnesia. 

FabbricaLombarda  di  Prodotti  Chimici,  Milan,  was  estab- 
lished in  1873.   This  establishment,  founded  by  A.  Boehringer 
and  under  the  chemical  direction  of  Dr.  C.  Forst,  although 
young,  ranks  among  the  most  important  manufactories  of 
Sulphate  of  quiniuc  of  the  day.    The  annual  production  is  18,000  kilos 
^      ^  of  sulphate  of  quinine,  extracted  from  over  700,000  kilos  of 

bark — about  a  quarter  of  the  total  amount  prepared  in  En- 
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rope.     The  exhibit  of  the  various  salts,  iodated  and  bro-        "^^- 
mated  derivatives,  etc.,  of  the  cinchona  alkaloids  was  very  Fabr.  Lombard! 
fine,  and  included  40  derivatives  of  quinine,  22  of  cinchoni-  ™ 

dine,  17  of  quinidine,  1 5  of  cinchonine,  etc.  At  present  large  Suiphj^eofqui. 
quantities  of  the  valerianate  of  quinine  are  manufactured,  tives. 
use  being  made  not  only  of  the  natural  valerianic  acid,  but 
also  of  the  acid  obtained  synthetically  from  amylic  alcohol. 
This  firm,  in  addition  to  the  alkaloids  and  their  salts,  which 
form  the  principal  product  of  the  establishment,  exhibited 
a  series  of  compounds  which  are  of  interest  at  present  more 
from  a  scientific  point  of  view  than  for  any  economic  or 
medical  use  they  have ;  for  example,  the  iodides  of  quarter- 
nary  ethyl  and  methyl  bases.  Quinicine  and  cinchonicine  are 
presented  as  examples  of  tmnsformations  which  the  original 
bases  undergo  when  exposed  to  the  action  of  heat  under 
certain  conditions.  Dihydroxyl-quiuine — a  product  con- 
stantly encountered  in  the  urine  of  persons  suffering  from 
quinism  —is  shown,  along  with  a  magnificent  specimen  of 
bromated  quinine— a  compound  not  before  exposed  in  pub-  Bromated  qui. 
lie,  bibromated  cinchonine,  and  bibromatcd  cinchonidine 
and  cinchotenine — all  being  bodies  of  quite  recent  discovery. 
Quinic  and  quinoric  acids  and  some  of  their  salts  figured  in 
the  collection.  To  tlie  ordinary  and  well-known  salts  of  Now  salts  of 
quinine  the  following  were  added :  The  benzoate,  broino-  **""**?®' 
hydrate,  sulpho-cyanate,  acid  citrate,  nitrate,  and  phloretate. 
By  the  side  of  anethol-quinine,  known  generally  under  the 
name  of  anisate,  the  true  anisate  is  placed,  and  in  juxtapo- 
sition with  the  hydrochlorate  and  of  the  sulphate  of  phenol- 
quinine,  known  under  the  names  of  chloro-phenate  and  sul- 
pho-pheuate,  the  true  phenol-sulphonate  is  put.  In  the  im- 
mediate neighborhood  of  a  specimeu  of  very  fine  crystals  of 
valerianate  of  quinine,  prepared  with  valerianic  acid  from 
valerian  roots,  were  found  several  preparations  of  special 
scientific  interest,  representing  salts  of  quinine  with  several 
varieties  of  valerianic  acid,  prepared  by  synthesis.  They 
were — 

(1)  STalerianate  of  quinine,  containing  the  normal  acid 
(pentylic  acid). 

(2)  Valerianate  of  quinine,  containing  isobutyl-formic  acid. 

(3)  Valerianate  of  quinine,  containing  trimethyl-acetic 
acid. 

(4)  Valeriafiate  of  quinine,  containing  methyl-ethyl-acetic 
acid 
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g^QABY.  HUNaARY. 

This  country  is  very  rich  in  natural  products,  and  depends 
mainly  on  them  for  her  subsistence.  The  chemical  and  phar- 
maceutical arts  are  far  from  the  state  of  development  to  be 
seen  in  other  parts  of  the  Austrian  Eijipire.  The  principal 
exports  of  commodities  of  interest  to  the  druggist  or  chem 
TMi-bark,  bees-  ist  are  tau-bark,  2,000,000  metric  quintals  per  annum ;  bees- 
'"***  *^^^'        wax  is  produced  of  the  value  of  770,000  fr.  per  annum,  as 

well  as  considerable  amount  of  tartar,  tartaric  acid,  and 
glycerine.  Hungarian  indigo  was  exhibited  by  three  or  four 
firms. 

Among  the  few  who  exhibited  pharmaceutical  prepara- 
tions may  be  mentioned  the  establishment  of  M&ty&c.  Eoz- 
^  ^itttyfa  Bos- gjjyj^y  Qf  ^rad,  who  exhibited  a  large  specimen  of  nearly 

colorless  coniine,  and  confections  of  sugar  and  chocolate) 
containing  such  medicaments  as  tannate  of  quinine,  san- 
tonine,  etc. 
other  Hungar-     Lipot  Flamm,  of  Worsctz,  exhibited  liquid  fish-glue, 
tonexhibiton.        stabilimeuto  Prodotti  Ohimici,  Fiume,  had  a  display  of 

chemical  products. 

M.  Leugauer  &  Son  showed  a  good  specimen  of  crystal- 
lized tartar  and  tinctorial  substances. 

Gyula  Besz^des,  Duna-Yecse,  contributed  a  collection  of 
chemical  and  parmaceutical  products. 

JAPAN.  JAPAN. 


It  has  become  fashionable  to  call  the  Japanese  the  Paris- 
ians of  the  East,  on  account  of  their  good  breeding,  polite- 
ness, neatness,  and  cleanUncss,  but  more  especially  because 
they  have  equaled  and  even  surpassed  their  antipodes  in 
Their  ex  some  of  the  finer  mechanical  and  metallurgical  arts.    It 
Sn  "mectemtcai  was  impossible  to  visit  the  Japanese  section  without  expe- 
M^etoUurgicai  fencing  a  feeling  of  wonder,  mingled  with  admiration,  at  the 

evidences  of  a  superlative  knowledge  and  skill  displayed 
in  most  of  the  exhibits  made  by  this  extraordinary  i)eopl(^ 
But  there  are  points  of  difference  between  them  and  the 
French,  and  this  difference  is  to  be  noticed  in  the  depart- 
ment of  the  natural  sciences  and  the  arts  growing  out  of 
Not  in  chem.  them.  Chemistry  and  x)harmacy  and  collateral  arts  were 
tot]^  and  phar-  g^j^rcely  represented  at  all,  and  what  few  specimens  there 

were  on  exhibition  were  mainly  natural  products  from  the 

vegetable  and  mineral  kingdoms ;  very  few  manufactured 

Bxhibite    rin-  ^^^^^®®  weve  to  bc  sceu.    Their  vegetable  products  were  dis- 

cip|Jir«M»a»i  played  along  with  dried  specimens  of  the  plants  from  which 

they  were  derived,  or  a  very  perfect  pictorial  represeutatiOD 
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of  tlie  growing  plant  was  suspended  along  with  the  object.  •'^^'^.  _ 
The  botanical,  a«  well  as  the  Japanese,  name  was  appended, 
and  also  a  short  account  of  the  properties  and  use  of  the 
drug.  P(?rliaps  the  most  important  product  exhibited  was 
the  thao  or  Japanese  isinglass,  already  mentioned  under  ^^^ 
the  head  of  French  CochinChina.  This  costly  and  valu- 
able substance  may,  and  likely  will,  come  into  extensive  use 
in  the  western  world  (many  manufacturers  already  have 
been  using  it  in  a  quiet  way  for  several  years) ;  and  since 
it  is  produced  from  several  species  of  algaj  growing  aix)und  ^^^  Maae  from 
the  Asiatic  coasts,  there  would  seem  to  be  no  reason  why 
it  migbt  not  be  manufactured  on  our  coasts.  The  speci- 
mens of  marine  plants  exhibited  as  sources  of  the  variety 
of  gelose  referred  to  were  Euceuma  spinosa^  Glceopeltis  iniri- 
cata^  Gymnongrus  jnnnulatiis  and  O,  flahelliformis^  Kalyme- 
nia  dentata,  and  Halochloa  inacrantha. 

K.  Tamagawa,  of  Miye,  exhibited  crude  and  prepared    Exinbitora. 
opium. 

Mitsui-Boussan-KuaYsha,  of  Tokio,  sent  crude  and  pre- 
l>ared  bees-wax  and  vegetable  coloring  matter. 

R.  Mori,  department  of  Kochi,  Y.  Katsoukoura  and  B. 
Amaka  all  exhibited  indigo  in  fragments  and  in  powder. 

K6-bou-K6zan -Kiokou,  of  the  Bureau  of  Mines  of  the  Min-        Bureau  of 

Miuo8 

ister^'  of  Public  Works,  sent  a  handsome  collection  of  min-  MiDtrai  coUec 
nerals,  such  as  auriferous,  argentiferous,  and  cupriferous 
ores,  pyrites  of  iron,  magnetite,  hematite,  galena,  graphite, 
tin-stone,  pyrohisite,  mercury,  jasper,  cobalt,  rock-crystal, 
agates,  quartz,  garnets,  calc-spar,  kaolin,  amber,  native  sul- 
phur, lignites,  etc. 

MONACO.  MONACO. 

This  little  principality  contributed,  through  its  Society    soci6t6  indns- 
Industnelle  et  ^Vrtistique,  several  new  x)roducts  serving  as  uque. 
maiiereH  premieres  for  the  perfumer's  art,  such  asodorifer- 
ous  principles  of  orris,  musk,  cassia,  tonqua,  and  orange 
flowers,  in  a  concrete  state.    They  were  prepared  by  a  spe-    Perfumery. 
cial  process  not  described  (supposed  to  be  that  of  Millon), 
which  yields  products  of  great  concentration  and  of  ex- 
quisite perfume.    The  advantages  claimed  for  the  principe 
odorant  de  Virls  is  that  it  retains  the  delicious  perfume  of  the 
root  free  fiDm  acrid  odorous  matter  which  accompanies  it  in 
the  exti'act  prepared  hy  the  ordinary  process ;  besides,  it 
enables  the  perfumer  to  make  a  colorless  tincture  instead 
of  the  usual  colored  one,  and  finally  it  gives  100  times  its 
volume  of  extract.    The  odorous  principle  of  musk,  likewise 
made  by  a  new  process,  preserves  all  the  desirable  qualities 
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^o^^f^- of  the  perfume  to  the  exclusion  of  the  colored  and  nauseous 

Perfumery,  principles  of  the  drug.  Coumarine  or  odorous  principle  of 
the  tonqua  bean,  made  by  the  secret  processes  of  the  society, 
is  very  concentrated,  and  on  dilution  gives  a  colorless  tinct- 
ure. These  remarks  apply  to  the  concrete  essence  of  cassia 
and  orange  flowers.  As  medicaments  the  society  exhibited 
various  pharmaceutical  preparations  of  Uvcalyptus  globulus j  a 
sirup  of  carouba,  and  a  saccharale  of  orange  flowers.  Prices 
were  given  of  several  of  these  preparations,  as  follows : 

Pricf  of  essen*  Principe  odorant  de  Piris 300  fr.  the  kilo. 

^'**'*'  Principe  odorant  du  muse 96, 000  fr.  the  kilo. 

Coumarine 1,000  fr.  the  kilo. 

Essence  concrete  de  flours  d'oranger 1, 000  fr.  the  kilo. 

Essence  concrete  de  casse 1,450  fr.  the  kilo. 

Essence  de  rose  de  Provence 1,100  fr.  the  kilo. 

NORWAY.  NORWAY. 

The  principal  articles  exhibited  from  this  country  of  .in- 
terest to  chemists,  druggists,  parmaceutists,  and  the  medical 
cod-iivor  profession  were  cod-liver  oils  of  various  qualities,  amnioni- 
salts,  ink.  black-  acal  salts  from  gas  works,  ink  and  blacking,  oxalic  acid 
np,  am  ac  <  s.     ^^^^  from  Avood  fibcr,  and  sulphuric  and  nitric  acids. 
cod^fi^Jboir"  ""^     ^-  Jordan,  of  Throndhjem;  P.  MoUer,  of •  Christiania ;  0. 

Johnssen,  of  Christiansniid ;  Isdahl&  Co., of  Bergen;  J.  H. 
Henricksen,  of  Tromso ;  T.  IT.  Borthen,  of  Trondhjem ;  M. 
H.  Astrup,  of  Christiansund ;  O.  K.  Gran,  of  Bergen,  and 
ten  others,  sent  specimens  of  the  oil  of  the  livers  of  various 
species  of  the  codfish. 

The  following  account  of  the  cod-flsher>'  of  Norway,  and 

the  manufacture  of  cod-liver  oil,  was  kindly  sent  to  me  m  a 

L.  jfonrad  private  letter  by  L.  Monrad  Krohn,  of  Bergen,  a  member 

fiJhetZ  and  cod-  of  the  International  Jury  of  Recompenses  for  Glass  47  of  the 

Kver  ou.  p^^  Universal  Exposition  of  1878 : 

FiHl)in{;  the  '^From  the  earliest  times  it  is  well  known  that  fishing  has  hoou  the 
fiSd?i!!tr>MrNor^8*»P^®  branch  of  industry  in  Norway,  notwithstanding  that  the  Nor- 
way, wegian  coast  is  not  richer  in  fish  than  those  of  England,  Franco,  and 

the  Mediterranean.    It  has  had  and  still  continues  to  have  it«  i>eriodioal 

shoals  from  the  Atlantic  of  different  varieties  of  fish — e.  g,,  mackerel, 

herrings,  cod,  etc. — which  visit  the  coast  and  deposit  their  spawn.    The 

daily  production  is  not  more  than  is  consumed  by  the  inhabitant's  of 

the  town  and  thinly-spread  populations  along  the  coast. 

Periodical  fish-     ''The  periodical  fisheries  are  of  an  extensive  nature,  covering  an  area 

eriea.  ^f  ^^^  j^gg  than  200  geographical  miles  along  the  coast,  commencing 

south,  at  Bergen,  and  proceeding  north  as  far  as  the  Lapland  sea. 

"There  are  three  fisheries  of  special  interest  and  great  importance: 

Latitade^ 

(1)  At  Sondmore  and  Romsdalen 620-64° 

(2)  At  VestQonl  and  Lofoden G7'3-60o 

(3)  AtFinmarken TO^-no 
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• '  The  fishing  in  the  south  cciiimences  at  Bergen,  Sondmore,  aud  Roms-       nokway. 
dalen  in  the  months  of  January  and  February,  and  afterwards,  and  not  ^^  Monrad 

nnfrequently  at  the  same  time,  in  Vcstfjord  and  Lofoden  Isles,  where  it  KrohnonSoncav 
continues  to  the  end  of  March,  at  which  time  it  commences  at  Fin-*'^"*** 
marken.    The  annual  production  amounts  to  nearly  50  millions,  towards 
which  the  first-mentioned  fishery  contributes  G  to  10  millions,  aud  the 
second  24  millions,  while  the  third  contributes  10  to  14  millious. 

**  As  the  fishing  season  commences  in  the  depth  of  winter,  when  the        Seasons  and 
sea  is  extremely  rough,  it  is  easily  to  be  understood  that  in  open  boats  P"><*^ction. 
it  is  a  very  hazardous  occupation,  and  gives  but  an  indefinite  supply 
when  dependence  must  be  placed  on  the  state  of  the  weather. 

"  In  the  cod-fishing  alone  are  employed  upwards  of  20,000  souls,  who        Poraous  ^^nl• 
do  not  live  in  the  immediat>e  neighborhood  of  the  fish,  but  far  olf  on  the  P***^*^'- 
coast,  and  put  off  in  their  boats  in  the  severest  weather.    But  now,  in 
the  present  century,  when  steam  navigation  has  become  so  important      Steamora  em- 
in  this  country,  extending  from  it«  capital  along  the  coast  to  the  ex-  ^  ®^    ' 
treme  north,  the  fishermen  prefer  to  follow  the  shoals  in  steamers  from 
point  to  point.  * 

'^At  the  chief  points  are  the  fish-curing  establishments,  where  the    Curiu;;. 
cod  is  carefully  salted  and  dried,  after  the  interiors  have  been  removed 
therefrom,  and  the  heads,  which  are  made  into  manure ;  the  ova  being 
salted  and  barreled  for  the  French  sardine-fishing,  and  the  liver  being 
secured  by  the  oil  manufacturers. 

'^  It  is  probable  that  cod-liver  oil  has  been  made  at  all  times  for  tech-    lutroductioQ  oi 
nical  use,  and  there  were  known  two  kinds — the  pale  and  the  brown  SJjl'^acy**^  "*^ 
oil.     About  the  year  1830  was  introduced  the  first  oil  for  medicinal  use, 
and  from  that  time  better  qualities  have  been  demande<l  in  Bergen,  the 
chief  market  for  all  kinds  of  fish  produce. 

'^The  exportation  of  oil  for  medicinal  use  has  increased  from  year  to      increased  ex- 
year.    About  the  year  184C  it  became  more  extensively  used,  Dr.  De  I^^tation  of  the 
Jong  having  brought  it  under  the  notice  of  the  medical  faculty,  and    Dr.  De  Jung, 
since  then  his  name  has  become  familiar  throughout  Europe.    In  about 
the  year  1860  Mr.  P.  Moller,  of  Christiania,  introduced  the  method  of         p.  Moller'& 
extracting  the  oil  by  means  of  steam,  which  in  all  respects  is  superior  ©xtolctSigr'*  ^**^ 
to  the  methods  previously  in  use,  inasmuch  as  the  oil  is  extracted  at  a 
definite  temperature,  and  the  more  solid  portions,  which  consist  chiefly 
of  stearine,  remain  in  the  dex>osit.    Since  that  time  the  oil  has  been  more 
carefully  prepared,  inasmuch  as  the  consumers  insisted  on  a  better  prod- 
uct.   In  order  to  produce  one  barrel  of  oil  (25  gals,  or  120  liters)  in  the    Livers  to  %be 
common  way,  double  the  quantity  of  livers  is  required ;   1,000  livers  barrel, 
yield  one  barrel  of  oil.    But  this  chiefly  dejiends  on  the  quality  of  the 
livers,  which  is  variable,  as  they  do  not  always  consist  of  pure  fat,  t.  e., 
before  spawning.    The  finest  quality  of  oil  now  in  the  market  is  that 
prepared  after  Moller's  system,  which  consists  of  subjecting  the  livers       Moller's  pro- 
to  the  direct  action  of  steam  in  tinned  pans,  or  by  slowly  treating  the  **•*• 
livers  in  i)ans  inclosed  in  steam  jackets — ^the  latter  to  be  preferred. 

**  The  conditions  necesHary  for  a  good  oil  are  these :  (Ist)  Livers  from  Condition«  for 
freshly-caught  fish,  and  in  no  case  should  they  be  kept  over  twelve  hours  *  ****^  ®*^* 
in  the  net ;  (2d)  in  removing  the  liver  great  care  must  be  taken  not  to 
injure  the  gallbladder,  otherwise  the  afterproduct  will  be  of  a  bitter 
and  disagreeable  taste.  After  the  livers  have  been  washed  with  water 
and  dried  between  folds  of  cloth,  before  placing  them  in  the  pan  they 
are  subjected  to  the  action  of  steam ;  the  oil  separates  easily  from  the 
liver  and  rises  to  the  surface  of  the  water  or  condensed  steam,  while 
the  solid  matter  falls  to  the  bottom ;  then  the  oil  is  skimmed  and  passed 
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NORWAY.        through  canvas  bags  or  filters  and  put  into  barrels  lined  with  tin-plate, 
L.  Monrad  ^^^^  ^^^^  ^^  these  barrels  in  a  cool  room,  in  order  that  the  stearine  may 
Krohn  on  Norway  deposit. 
Uvjr  oil.  '*  The  fresher  the  liver  and  more  cleanly  the  apparatus  the  paler  and 

Modo  of  pre-  better  in  quality  will  bo  the  oil  as  reiranls  color  and  aroma.    The  bar- 

pariiig.  *  *  ^ 

rels  are  allowed  to  remain  in  the  rooms  from  one  to  two  months  at  a 
medium  temperature ;  the  oil  seems  to  undergo  a  peculiar  kind  of  fer- 
mentation, becoming  bright  and  depositing  its  stearine,  more  or  less, 
the  amount  depending  chiefly  on  the  pressure  used  in  passing  through 
the  filter — so  much  pressure  being  sometimes  used  that  the  oil  contains 
some  25  per  cent,  of  stearine.  This  method  is  much  to  be  preferred  to 
the  older,  which  consists  in  filtering  through  paper  or  canvas  bags, 
thereby  causing  long  exposure  to  the  air,  the  oil  becoming  oxidized  and 
rancid,  or  at  least  objectionable  in  its  aroma.  Of  this  cod-liver  oil  the 
'Eiportation.  annual  exportation  from  Bergen  is  4,000  to  5,000  barrels,  or  125,000  gal- 
lons, most  i)art  to  Germany,  England,  France,  Italy,  America,  and  Rus- 
sia. Whether  this  oil,  almost  free  from  stearine,  is  more  healthy  than 
one  containing  it  is  difficult  to  decide,  but  it  is  evident  that  an  oil  with 
stearine  can  be  sold  at  a  much  cheaper  rate. 
Old  motliod  of     ^*\Vhen  there  are  no  appliances  for  the  manufacture  of  cod-liver  oil 

l»riparatl(»n.  i,y  means  of  steam  they  proceed  in  the  old  way,  which  consists  of  plac- 
ing the  livers,  unwashed  and  unclean,  in  open  wooden  vessels  and  leav- 
ing them  exposed  to  the  air ;  a  sort  of  fermentation  takes  place,  and 
the  oil  which  exudes  from  day  to  day  is  remove<l.  As  no  fire  is  em- 
phiyed,  and  the  process  is  conducted  in  cold  rooms,  no  stearine  is  pro- 
duced, and  the  oil  will  keep  bright  indefinitely.  In  the  outset  this  oil 
is  of  very  fine  quality,  but  after  the  vessels  have  been  used  from  year 
to  year  the  oil  is  more  or  less  colored  and  tainted,  even  t-o  rancidity. 
Make  of  oil.  The  finest  quality  of  this  oil  is  chosen  in  Bergen  for  medicinal  use,  and 
reported  as  ^  oleum  jecoris  asselti  flavum.*  About  15,000  barrels,  of  100 
kilos  each,  are  sent  to  Germany,  France,  England,  Holland,  and  Bel- 
Tho  expressed  ginm.    After  this  oil  is  extracted  the  livers  are  subjected  to  pressnre, 

^^^-  and  the  resulting  oil  of  a  bad  quality  is  exported  for  manufacturing 

purposes.    The  annual  exportation  is  about  12,000  barrels.    There  is 
yet  another  sort,  known  as  ^ol.jecorh  assclH  flav,  fuMumj^  which  is  pro- 
pared  from  livers  left  in  barrels  for  several  months.     It  often  happens 
The  oil  result-  that  the  fishermen  are  employed  in  fishing  in  distant  waters  and  arc 

iSvedpmcilss  ^^  compelled  to  leave  the  livers  collected  by  them  unattended  to  until 

their  return.  In  the  interval  the  livers  undergo  a  peculiar  kind  of  pu- 
trid fermentation,  and  the  clear  oil  very  readily  separates  from  them, 
and  in  consequence  is  of  a  very  clear  deei^-brown  color ;  but,  not  being 
exi>osed  to  the  mclemency  of  the  weather,  it  has  not  become  tainted. 
The  best  of  this  product  is  selected  for  medicinal  use,  and  is  that  so 
much  esteemed  and  emjdoyed  by  Dr.  De  Jong. 
Annual profl lie-  '^The  annual  production  is  about  11,000  barrels,  and  a  large  portion 
*"°"  of  it  is  sent  to  France,  where  it  is  kept  side  by  side  with  the  French 

oil  imported  from  the  French  fisheries  in  Newfoundland. 
( HI  bj'  heat  and     "After  these  several  sorts  of  oil  are  extracted  the  livers  are  subjected 

l)rfHsure.  ^^  ^^^^  influence  of  strong  heat  in  iron  pans,  and  afterwards  to  pressure, 

thus  producing  a  thick  oil  of  a  dark  color,  used  chiefly  by  the  tanners 

of  chamois  skins.    What  now  remains  of  the  livers  is  used  for  manure. 

DifTcrciu'c  iw-     "It  may  not  be  uninteresting  to  know  that  there  is  a  decided  differ- 

er>*^of  the**north-  *''"^®  between  the  oil  produced  by  '  South  of  Norway'  fish  (Sondmore, 

ern  and  sonthem  Romsdalen,  and  Lofoden)  and  those  of  Finmarken ;  that  in  the  south 
**^  ^  '  is  more  highly  colored,  and  will  keep  clear  at  a  lower  degree  of  tern- 
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peratnre  than  the  oil  prepared  at  Fiumarken,  which  is  whiter  and  more xobway. 

eaf<ily  pressed.     I  think  the  reason  is  that  in  the  case  of  the  south  fish,     Co<lliveroU. 
by  long  jonmeys  down  the  Gulf  Stream,  and  by  a  gradual  nutritious    tImi  fish  livers 

feeding,  their  livers  become  more  gradually  and  perfectly  ^©'^^^"P^^laJd^gonthernfish! 
into  a  firmer  fat,  containing  less  stearino,  while  those  of  Finniarkeu  iiig  districtH. 
are  chiefly  fed  in  the  streams  where  are  enormous  quantities  of  a  small, 
fat  kind  of  fish  {^lodde^^  Osmerus  arcticu8)j  the  result  being  that  the 
growth  of  their  livers  is  not  of  such  a  firm  and  perfect  nature. 

**  The  first  importations  of  new  cod-liver  oil  are  brought  to  Bergen  in 
April,  the  second  and  third  qualities  at  the  end  of  May  and  June,  and 
the  other  sorts  in  the  harvest  time,  August. 

**L.  MONRAD  KROHN, 

"  Bergen.*^ 

Accortliug  to  official  statistical  reports  for  1877  it  is  stated    Production  oi 

^.     ,     .  .  „  .  ,        „         --.  ,/.,,  1  cod-liver    oil    in 

that  the  number  of  barrels  of  cod-hver  oil  of  all  grades  pro- 1877. 
duced  in  Norway  during  the  year  was  130,000,  valued  at 
0,664,400  fr. 

PORTUGAL.  _i!?!!l^^l:  _ 

Portugal  sent  a  number  of  exhibits  of  honey,  beeswax,      Honuy,  wax. 
olive  oil,  and  twelve  collections  of  chemical  and  i)hanna- 
ceutical  preparations,  none  of  which  presented  sufficient 
novelty  to  require  description. 

The  Societe  des  Eaux  Minerales  de  Yidago  ^ Villa  Real,  a  Mintwiwat^is 
beautiful  village  situated  in  the  fertile  valley  of  the  Oura) 
exhibited  the  product  of  their  spiiiigs  in  bottles.    It  is  an 
excellent  alkaline  water,  similar  to,  and  i)os8ibly  superior 
to,  that  from  the  grande  grille  at  Vichy. 

The  most  extensive  as  well  as  the  most  important  exhibit  wimv.. 
made  by  Portugal  was  that  of  wines,  of  which  it  proiluces 
the  best  and  finest  varieties  used  for  medicinal  i)uiposes. 
Fine  porti^  were  shown  in  the  wine  section  of  the  vintages 
of  1756,  '90,  '97, 1800,  '10,  '15,  '20,  '27,  etc. ;  Duoro  wines  of 
the  crops  1812,  '16,  '20,  '30,  '40.  Madeiras  of  1820,  '4:3,  '50, 
'45,  ^oijj  were  sent  to  the  Exposition  from  Funchal. 

In  connection  with  the  wine  exhibit  of  Portugal  it  is  in- 
teresting to  notice  the  comparative  amounts  of  the  various 
wines  exported  to  the  United  States  and  to  Great  Britain 
for  the  year  1876 : 


1  .v..  Exports  t<» 

Madeira.,       Port.       i    rr^ff     the  United  StateH 

1  '  wme«.     and  Encland  ic- 

spectivcly. 


To  the  United  States I  175  1  7,884'        26.9tt9 

To  Great  iJritain i      13,084  |    2,057,023'        05,825 

The  above  figures  represent  deciliters  (about  2.J  gallons), 
and  indicate  pretty  clearly  that  if  the  peoi)le  of  our  country 
make  use  of  as  much  Madeira  and  Port  wine  as  thej 'are 
accredited  with,(f)  they  must  get  them  at  second  or  third 
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PORTUGAL. 


I*0BTUGL'E8K  COL- 
ONIES. 

Bengnola. 
India. 
Capft  VerUe. 


RU88IA. 


Few  exhibits. 


Exhibitors. 


SLIM. 


hand  and  risk  all  the  danger  attending  the  handling  of 
wines  and  liquors. 

PORTUGUESE  COLONIES. 

These  were  well  represented.  Bengaela  sent  dye-stoffls, 
copal,  lichens  for  dyer's  use.  From  India  there  came  indigo 
and  pistachio  nuts ;  fi[X)m  Cape  Verde,  ground  nut«,  palm 
nuts,  and  soap  made  of  pistache  oil.  In  this  section  were 
exhibited  many  articles  without  botanical  names,  and  which 
were  not  familiar  in  our  commerce.  The  following  were 
among  those  recognized :  Oum  arabic,  seeds  of  Bicinus  {com- 
munis f)y  sassy  bark,  india-rubber,  palm  oil,  and  tobacco. 
At  the  entrance  of  the  building  stood  a  fine  specimen  of  a 
young  Welwitschia  mirdbilis^  a  singular  plant  consisting  of 
two  cotyledonary  leaves,  which  become  greatly  developed 
in  the  course  of  years,  sometimes  acquiring  a  length  of  six 
feet. 

RUSSIA. 

This  extensive  country  presented  little  of  interest  to  the 
druggist  or  the  apothecary ;  very  few  collections  of  raw  ma- 
terials were  exhibited,  and  not  many  firms  sent  exhibits  of 
pharmaceutical  products. 

Y.  Butzke,  of  Varondga,  exhibited  oils  of  Russian  anise 
and  mint. 

Chaguine  &  Prokofieff,  of  St.  Petersburg  employ  150 
operatives  to  produce  annuallj'  7,500  quintals  of  ^gg  and 
blood  albumen  and  dried  blood  as  manure. 

The  Imperial  Botanical  Garden  of  St.  Petersburg  sent 
a  nice  collection  of  pharmaceutical  preparations  extracted 
from  vegetables. 

Y.  Karpiuski,  of  Warsaw,  contributed  pharmaceutical 
products. 

F.  Kuhn,  of  Moscow,  had  on  exhibition  a  superior  quality 
of  protection  for  leather,  rendering  it  supple  and  imperme- 
able. 

J.  Sternfels,  of  Leal  (Esthonia),  oil  of  cumin. 

R.  Tetz,  of  Moscow,  made  elastic  capsules  by  means  of 
glycerine,  for  enveloping  medicine,  to  the  value  of  75  to 
80,000  rubles  annually. 

A.  Waag  &  E.  Eepmann,  of  Doubrovka,  exhibited  ethe- 
rial  oils  of  mustard  and  peppermint. 

SIAM. 

Among  the  articles  exhibited  by  His  Mjgesty  the  King 
of  Siam  mav  be  mentioned  the  few  which  follow,  they 
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being  the  only  ones  relating  at  all  to  our  part  of  the  Expo- 
sition report :  Black  pepper,  gum  gutta,  birds'  nests,  carda- 
mom seeds,  lac  dye,  gum  benzoin  of  very  fine  quality,  cinna- 
mon, beeswax,  pistdches  de  terre^  tobacco,  indigo,  lemon  juice, 
tamarinds,  and  preserved  flowers. 

PERSIA. 
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81  AM. 


pEneiA. 


Exhibits. 


Dr.  Tholozan 
on  the   modo  of 


His  Majesty  Nasr-Eddin  Shah  was  the  sole  exhibitor  from 
his  kingdom.  The  articles  of  interest  to  the  readers  of  this 
report  were  as  follows :  Indigo,  madder,  nutgalls,  henna, 
cumin,  safiron,  tobacco  from  Shiraz  for  the  nargileh  and 
from  Ourmiak  for  the  pipe,  opium,  mallows,  castor-oil  beans, 
assafoBtida,  manna,  and  pistachio  nuts.  Wines  from  Shiraz 
and  Kasbin  were  also  exhibited. 

Doctor  Tholozan,  physician  to  the  Shah,  while  in  Paris 

during  the  Exi>08ition,  gave  the  following  information  inusmfTAwina  in 

regard  to  the  mode  of  employing  Jienna  for  coloring  the 

hair  in  Persia : 

'^  Hot  water  is  added  to  a  coarse  powder  of  the  leaves,  and  the  paste 
is  applied  to  the  beard,  the  hair,  and  the  nails  (weU  washed  previously). 
This  is  done  in  a  vapor-bath.  As  the  paste  has  to  be  kept  constantly 
moist,  this  first  application  lasts  an  hour  and  a  half  to  two  hours ; 
then  the  parts  are  washed  with  plenty  of  water.  The  henna  gives  an 
orange-red  color,  very  beautiful  on  a  white  beard,  so  that  many  old  men 
use  it ;  but  recently,  with  great  personages,  it  has  become  more  common 
to  keep  the  beard  white.  Henna  is  very  largely  used,  even  by  peasants. 
To  change  the  reddish  color  to  a  fine  liuttrous  black,  the  parts  are 
coated,  at  the  same  sitting,  with  a  paste  formed  of  another  powder — 
that  from  the  leaves  of  a  kind  of  indigo  tree  cultivated  in  Persia.  This 
is  called  reff^;  it  remains  applied  about  two  hours.  The  henna  gives 
different  colors,  according  as  it  acts  on  white,  fair,  or  dark  hair.  It 
alters  very  quickly  in  moisture,  and  loses  its  properties  in  long  sea-voy- 
ages. Experience  seems  to  have  proved  that  it  gives  suppleness  to 
hair,  but  it  causes  it  to  whiten  much  sooner  than  usual.  Fair-haired 
people  always  color  their  hair  black,  but  the  black  is  not  so  intense  as 
that  produced  in  persons  of  dark  complexion.  Skin,  reddened  and 
blackened  with  the  two  pastes,  soon  regains  its  natural  color  on  being 
washed  '.vith  soap  and  rubbed  with  the  fingers,  whereas  the  dye  ad- 
heres firmly  to  the  hair,  which  it  penetrates.  Reng  is  sometimes  used 
alone,  and  gives  a  blue-violet  color." 


SPAIN. 


SPAIN. 


Spain  sent  an  abundant  mineral-water  product,  no  less  MinonJwftten. 
than  53  exhibits  of  natural  waters,  to  the  Exposition,  while 
she  was  represented  by  20  pitiful  pharmaceutical  displays, 
a  fact  wliicli  might  be  taken  to  indicate  that  the  Spaniard 
has  more  faith  in  natural  remedies  than  in  those  fabricated 
by  the  hand  of  man.  The  number  and  variety  of  raw 
materials  used  by  the  druggist  and  pharmaceutist,  how- 
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HFADC. 


winc. 


ever,  were  quite  large,  and  their  quality  was  in  the  main 
puve  oil  and  vcrj  goo(l.    In  regard  to  olive  oil  and  wine  the  Sx)ani8h 
section,  after  France,  made  the  most  extensive  show  and 
one  which  commended  the  admiration  of  all.    Cork  wood 
Cork.  and  cut  corks  formed  another  large  item  in  the  exports  of 

this  countrj'.  The  following  drugs  were  noticed  in  the  col- 
Dru«8,  dyoa,  lectiou :  Sumac,  caronba^,  liquorice  root  and  extract,  coch- 
ineal, hops,  saf&on,  anise,  chamomile,  carthamus,  madder, 
woad,  honey  and  wax,  opium,  ergot  and  ergotine,  digitalis 
and  digitaline,  and  cream  of  tartar  made  from  the  lees  of 
wine. 

MOROCCO. 


wax. 


MOUOCCO. 


TL'MB. 


CiltEECE. 


This  country  sent  a  small  collection  of  drugs  and  some 
X)lants  useful  in  perfumery :  Senna  from  Cassia  acutifolia^ 
cafe  ncgre  from  0.  occidentalism  fruit  of  a  Datura^  galls,  gums, 
colocynth,  and  a  number  of  other  crude  matters  that  would 
be  interesting  to  the  visitor  understanding  the  written 
Arabic  language. 

TUNIS. 

Cumin,  foenugreek,  coriander,  anise,  and  a  long  narrow 
variety  of  carraway  seeds  were  among  tho  few  exhibits 
from  this  country.  There  were  also  pistachio  nuts,  henna 
used  for  coloring  the  nails  and  the  teeth,  and  a  tew  other 
specimens  not  worthy  of  special  note. 

GREECE. 


This  countrj^  was  not  represented  by  any  pharmaceutical 
display. 

rtWEDKN.  SWEDEN. 


n.A.Wuiff. 


l*roduct8 
of  distillation  of 
wood. 


Fiah-c^g  olbu- 
uien. 


Aseptine  aud 
AmykoKo  Manu- 
focturin  jT  Compa- 
ny of  UiMiiila. 


Antiaeptio  pre- 
parations. 


H.  A.  Wulflf,  director  of  the  Agricultural  School  of  Ap- 
plerum  at  Kalmar,  contributed  a  collection  of  products 
derived  from  the  distillation  of  wood,  such  as  charcoal,  tar, 
wood  vinegar,  creosote  oil,  and  turpentine.  He  also  sent 
dded  specimens  of  the  ArhutMS  uva  ursiy  and  tanning  ma- 
terial extracted  from  it. 

T.  O.  Alsnig,  of  Koping,  showed  albumen  prepared  from 
fish  eggs. 

The  Aseptine  and  Amykose  Manufacturing  Company  of 
Upaala  exhibited  proprietary  articles,  as  follows :  Aseptine 
for  the  preservation  of  cooked  food,  aseptine  (double)  for 
the  preservation  of  raw  meat,  aseptine  for  anatomical  prep- 
arations. These  preparations  are  said  to  owe  their  antisep- 
tics and  preservative  qualities  to  boric  acid,  and  the  total 
production  for  the  year  1876  amounted  in  value  to  208,340 
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frs.,  and  there  were  employed  in   their  fabrication   6,450      B^f^iy^- 
kilos  of  this  acid. 

Beckmau  &  Buruiester,  of  Stockholm,  exhibited  a  col-  ^^^^^  ^ 
lection  of  drugs  of  the  country  and  preparations  made  from 
them  according  to  the  formuli©  of  the  Swedish  pharma- 
copceia. 

O.  L.  Bjorkbom,  of  Gothembom^g,  exhibited  extract  of  o.L.Bj6rkb«m. 
malt. 

The  Fish  Glue  and  Gelatine  Manufactory  of  Lysekil  had  a  q^^^^^  ^^""^ 
number  of  very  handsome  specimens  of  icthyocolla  prepared    lo.thyocoiii. 
from  the  entrails  of  fishes,  which  is  quite  transparent  and 
soluble  in  cold  water,  and  is  specially  adapted  to  the  fining 
of  wines. 

The   Seba^jtine   Manufacturing  Company  of   Stockholm  S6iKwtino 

showed  an  imitation  of  their  new  explosive,  sSbaMnc* 
This  substance  is  a  mixture  of  nitroglycerine,  wood-char-  Seba«tinc:  au 
coal,  and  explosive  salts.  The  chai'coal  employed  is  care- 
fully selected  and  prepared  in  a  special  manner  not  described, 
and  serves  to  absorb  and  hold  the  explosive  oil  more  com- 
pletely than  matters  heretofore  employed  for  that  purpose. 
The  explosive  salts  used  furnish  the  oxygen  uecessaiy  to 
burn  completely  the  carbon  of  the  mixture,  and  thus  secures 
the  conversion  of  the  whole  into  gases. 

In  order  to  explode  s6bastine  it  is  necessary  to  employ    MoUoof  nainj;. 
the  usual  detonating  capsules,  since  on  the  application  of 
fire  in  the  shape  of  fiame  or  an  ignited  body  the  compound 
simpl}'  burns  away  with  considerable  vigor,  but  without 
exi)losion.    The  advantages  claimed  for  this  explosive  are       AdvnntH«iMi 
that  it  is  less  dangerous  than  others  having  nitro-glycerine  ^    °* 
for  a  base,  the  mass  is  dryer,  and  the  explosive  oil  does  not 
esciipe  from  it.    The  rapidity  of  its  explosion  is  greater  than 
that  of  ordinary  dynamite,  and  the  effect  of  its  explosion 
much  more  considerable.    The  annual  consumption  of  seba.s- 
tine  is  about  70,000  kilos,  and  no  untoward  accident  has 
happened  in  its  use  for  five  years. 

The  Baruangens  Tekuiska  Fabrik  of  Stockholm  exhib-       Barn&iRens 
ited  extnicts  and  odors  for  perfumery,  toilet  soap,  and  inks. 

SOUTH  AND  CKS- 

SOUTH  AND   CENTRAL  AMERICA.  TitAL  ambuica. 


The  exhibits  from  these  countries  consisted  almost  entirely 
of  crude  or  raw  materials,  but  the  collections  were  quite 
extensive  and  included  many  articles  not  known  in  com- 
merce, and  as  many  of  the  specimens  were  labeled  in  the 


*  Explosivo  artiolos  wc]*c  nut  allowed  to  be  brought  iuto  the  Exposi- 
tion baildiug. 
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TOiS'iuSmcY'  ^^^ff^S^  of  ^^^  country  and  designated  only  by  their  local 

names,  very  little  information  conld  be  got  as  to  their  nature 

and  uses,  the  custodians  in  most  cases  having  no  knowledges 
of  them. 

ABOSKTINE  BE-  «"v»"» 

PUBUC.  ARGENTINE  REPUBLIC. 


This  country  contributed  the  largest  number  of  specimens 
of  natural  history,  among  which  were  vast  numbers  of 
medicinal  plants,  most  of  which  are  unknown  outside  of  the 
country  where  they  are  produced,  and  are  as  yet  untried. 

of^ffve^Tugs-^iiise;    pimianta  (allspice);    coca;    flaxseed;  jaborandi; 

^^7°  ^  ^"™  quebracha  wood  and  resin ;  oil  of  potro  (wild  horse),  and  soap 
made  from  it ;  Eucalyptus  globulus^  and  preparations  made 
from  it;  preparations  of  matico;  root  of  Gapii  caMj  said  to 
be  very  efficient  as  an  anti-asthmatic  and  diuretic,  and 
preparations  made  from  it ;  resin  of  quebracha ;  elixirs  of 
coca;  guarana,  and  mat6  were  exhibited  from  Buenos 
Ayres. 

»Q"^^-  BOLIVIA. 

Here  were  a  few  exhibits  of  interest,  among  which  may 
be  mentioned  cinchona  barks,  matico,  and  coca. 

VENEZUELA.  VENEZUELA. 

To  judge  from  the  collections  of  articles  sent  from  this 
country  to  the  Exposition,  one  must  conclude  that  Vene- 
zuela, in  many  material  respects,  is  in  advance  of  some  of 
of^*?\>tobi^**^  ^^^  neighboring  countries.     There  were  in  the  collection 
dacts.  many  medicinal  plants  and  parts  of  plants,  woods,  and  other 

vegetable  dye-stuffs  and  tanning  materials,  cinchona  barks, 
and  Eio  Kegro  caoutchouc,  copaiba,  sarsaparilla,  simarouba, 
tonqua  beans,  ceradilla,  resin  of  cedar,  and  cochineal 
Several  pharmaceutical  preparations  of  no  special  merit 
were  exhibited. 

GUATEMALA.  GUATEMALA. 

From  here  were  sent  copalche  bark  {Oroton  pseudaqmna); 
cascarilla;  guaco;  resin  from  native  pines;  copal,  employed 
by  the  natives  as  incense;  gum  from  Bhizophora  mang.\ 
Barks, gams, liquidambar  resin;  caoutchouc  wax  from  Myrica  cerifera; 
cao»j,^ax,  yes,  ^^g^^^j^^^  g^^^  ^•j.^jjj  jjj^  aebifera  ;  several  varieties  of  sarsa- 
parilla; wild  vanilla;  wild  cacao  and  divi-divi;  cochineal; 
indigo;  ambrette;  beeswax;  castor  oil  used  in  lamps,  and 
a  purer  oil  for  medicinal  use ;  cocoa-nut  oil  and  corozo  oil. 
No  chemical  or  pharmaceutical  preparations  of  note  were 
exhibited. 
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HAYTI. 


HATTI. 


Hayti  exhibited  a  few  articles  of  drugs  and  dyes,  the  most 
important  of  which  were  the  following :  Beeswax,  cinchona, 
saf&on,  rhubarb,  Palma  ohristi  oil  (for  lamps),  annotto,  cur- 
cuma, vitivert,  orange  peel,  and  bark  of  orange  tree. 

MEXICO. 

This  country  sent  only  essence  of  linaloe  and  resin  of 
liquidambar. 

NICARAGUA. 


MEXICO. 


MICAUAOUA. 


Nicaragua  had  a  modest  display  of  articles  in  Classes  44, 
45, 46,  and  47,  such  as  sarsaparilla,  vitivert,  annotto,  copaiba, 
verv  fine  cacao  beans,  liquidambar  in  reeds,  caoutchouc  of,  CacacKiuM. 
various  qualities,  some  of  which  was  very  select,  gutta  etc 
percha,  vegetable  wax  of  a  green  color,  nacascola  and  nan- 
cit«  barks  for  tanning,  cinchona  barks,  cashew  nuts  (labeled 
St.  Ignatius  beans !),  copalche  bark,  indigo,  starch,  and  croc- 
odile musk. 

SALVADOR.  BALVADOft. 

This  was  a  well-arranged  collection,  representing  the  fauna 
and  flora  of  the  country.  The  commercial  commodities  in 
the  line  of  drugs  were  indigo,  wax,  vegetable  aromatic  resins,  D.ve»,  oiuwax, 
cochineal,  purified  oil  of  cocoa,  baumes  du  Salvador^  quina  du 
Salvador^  various  pharmaceutical  products,  and  mineral 
waters. 

URUGUAY. 


UUUOUAT. 


The  exhibits  from  this  little  republic  were  not  numerous, 
and  were  similar  to  those  lirom  its  neighbor,  Buenos  Ayres. 

PERU. 

From  Peru  there  were  specimens  of  nitrate  of  soda,  of 
iodine,  and  a  collection  ot  minerals  of  the  country,  cochineal; 
cinchona  barks  were  also  exhibited,  as  well  as  coca  and 
vauUla. 

SWITZERLAND. 


rsuu. 


SWITZKULAXD. 


This  rugged  little  republic  sent  no  crude  drugs  to  the 
Exposition,  but  she  was  well  represented  in  a  few  of  the 
branches  of  chemical  manufactures,  notably  that  which  is 
concerned  in  the  production  of  artificial  coloring  matters. 
The  following  exhibits  were  considered  worthy  of  notice : 

V.  Andrete,  of  Fleurier,  exhibited  a  choice  selection  of  v.  Andre©. 
pharmaceutical  and  hygiiniqvs  preparations,  consisting  prin- 
cipally of  extracts  of  Alpine  plants. 
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swHTiEBLAXD.       J,  BaumgartncT,  of  Mollis,  had  a  very  superior  glue  or 

J.  Baumgart-  Cement,  in  the  state  of  po>vder,  alleged  to  be  made  of  caseine, 

which  is  quite  strong  and  said  to  resist  the  action  of  water. 

Bindschedler  &  Busch,  A.  Gerber  &  Uhlmau,  L.  Dumnd 

&  Huguenin,  Louis  Freund,  and  J.  R.  Geigy,  of  Basle,  and 

P.  Monnet  &  Co.,  of  La  Plaine,  near  Geneva,  all  had  mag- 

coio^cbemiHtry"  liiticent  displays  of  all  the  novelties  in  color  chemistry. 

Their  exhibits  were  of  extraordinary  beauty,  and  presented 

the  greatest  interest  to  the  chemist  and  dyer.    Attention  is 

recalled  to  them  in  another  part  of  this  report. 

L.  imhof,  non-     Imliof  (Louis),  of  Aarau,  had  a  very  important  exhibit  of 

IMntiOQOus  colors.  \  /?  7  %j         mt 

coloring  matters  free  from  poison  or  other  ottensive  ingredi- 
ents, especially  intended  for  coloring  confections, 
c.  Jc'tzior,  c.  Jetzler,  of  Schaff hausen,  exhibited  "  regenerated  "  niau- 

Kcgeneratcd  '  70 

mangnnosc.        gaucsc  produccd  by  a  new  i)roces8,  and  showed  a  plan  of  the 

apparatus  used  by  him  for  performing  the  operation. 
A.o.Matiiey,       A.  O.  Mathcy,  of  Neuchatel,  has  invented  a  polishing  ma- 
Diamantino.     tcrial  for  watchmakcrs,  which  he  calls  diamantine.      He 
claims  that  it  gives  quickly,  even  on  untempered  steel,  a 
black  polisli,  and  that  it  never  leaves  scratches.    The  com- 
position is  not  given,  but  it  is  regarded  as  consisting  of 
alumina  in  an  excessively  fine  but  at  the  same  time  crystal- 
Artiflciai  dia-  line  statc.    So-callcd  boron  diamonds  and  artificial  carbon 

diamonds  were  also  exhibited  by  the  same. 
A.  Guyot-Lii-     A.  Guyot-Lupold,  of  Ecreuses-Locle,  exhibited  diaman- 

1K)1(1. 

tine,  powder  of  rubies,  and  artificial   black  diamonds  for 
Artificial  pcum  drilling  hard  rocks.  ,  These  artificial  stones  cost  about  one- 

ttir  (Inllrng   aud  *^ 

poiisbing.  fourth  the  price  of  the  real  black  diamond,  and  supersede 

them  for  most  purposes.    They  are  distinguished  from  the 
latter,  however,  by  the  absence  of  crystalline  appearance, 
and  the  formation  of  a  black  instead  of  a  yellow  powder 
when  crushed. 
Dr.  MuUcr^u-     Dr.  A.  Muller-Jacobs,  of  Zurich,  exhibited  a  succedaiieuni 

Colin* 

for  oil  in  the  i)roduction  of  the  turkey-red  dje,  with  which 
he  claims  to  be  able  to  produce  absolutely  fast  and  very 
fine  violets  and  reds  in  from  three  to  four  days. 

]!otbeubiiu8icr.  llotheuliUusler,  of  Itoischac^h,  sent  a  specimen  of  what  he 
claims  to  be  "  Veritable  huile  russe  pour  le  cuir." 

i)r.G.  Wander.  Dr.  G.  Wander,  of  Berne,  had  on  exhibition  bonbons  of 
malt,  sugar  of  malt,  pure  extract  of  malt,  and  malt  combined 
in  various  pharmaceutical  preparations. 

UNiTCD  STATES.  UNITED  STATES. 


The  collections  of  drugs,  chemicals,  pharmaceutical  prep- 
arations, etc.,  sent  from  the  United  States  were  well  dis- 
played in  handsome  show-cases,  on  well-arranged  systems  of 
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shelves,  and  in  large  and  expensively  constructed  kiosque^,  _Ii^™^_!T^^. 
some  of  wliicb  seemed  to  be  out  of  proportion  to  the  limited 
space  allotted  to  our  section.    The  exhibits  were  all  well  ^,^^^1!*  ^^" 
arranged  for  examination,  and  attracted  much  attention, 
principally  on  account  of  the  number  and  magnitude  of  the 
collections  of  pills  conspicuously  displayed.    The  U^nited^^^^"  preiiomi- 
States  exhibits  in  Class  47  differed  in  some  respects  irom 
those  of  most  other  countries.     While  Austria,  Belgium, 
France,  England,  etc.,  contributed  almost  exclusively  manu- 
factured articles,  and  the  English,  French,  and  Dutch  colo- 
nies, China,  South  and  Central  America  sent  crude  drugs 
and  raw  materials,  the  United  States  sent  full  assortments    Assortment  of 
of  indigenous  drugs  and  materidres  premiereSj  as  well  as  nu-  wi^etnndmnnu- 
nierous  manufactured  products  in  the  various  departments  ducts. 
of  chemistry  and  pharmacy. 
The  most  extensive  and  complete  collection  of  indigenous    ,  PhiLidciphia 

*■  ^  College  of  Phar- 

drugs  in  the  whole  Exposition  was  the  contribution  made  macy. 

by  the  Philadelphia  College  of  Pharmacy.    This  collection 

was  said  to  represent  the  entire  vegetable  materia  medica ,  Complete  coi- 

'  *^  Utction    of     tho 

growing  in  the  United  States;  the  specimens  presented  the  vegetable  mau- 
appearance  of  having  been  selected  and  prepared  with  great  unite*!  states, 
care,  and  they  were  displayed  in  a  very  neat  and  modest 
manner.    It  was  said  that  this  collection  was  to  be  donated, 
at  the  close  of  the  Exposition,  to  the  ficole  Sup^rieure  de 
Pharmacie  de  Paris. 

Tilden  &  Co.,  and  McKesson  &  Bobbins,  of  New  York,    Tiidcn  &  Co. 
showed  well-selected  specimens  of  drugs  derived  from  thcRobbins.*"****^ 
vegetable  kingdom;  the  first-named  firm,  along  with  their 
raw  materials,  exhibited  solid  and  fluid  extracts  made  from  tracts,  an^pius!^ 
the  vegetables  they  exhibited.    They  also  displayed  a  very 
great  variety  of  sugar-coated  pills  of  fair  quality.    The  lat- 
ter firm,  besides  the  vegetable  drugs  referred  to,  contributed 
a  colle(;tion  of  choice  essential  oils  of  American  production. 

Wm.  R.  Warner  &  Co.,  of  Philadelphia,  presented  a  large    w.  r.  wamer 
assortment  of  sugar-coated  pills  and  granules,  which  were    ^sigarcoated 
verj'  handsome  as  specimens  of  the  art  of  dragie  manufact-  ^^^*" 
ure.     They  were  commended  for  their  uniformity  in  size 
and  finished  surface. 

Hance  Brothers  &  White,  of  Philadelphia,  had  a  fine  dis-    Hance  Bro«.  & 

White 

])lay  of  chemical  and  pharmaceutical  preparations,  including         '  chemical 
handsome  crystals  of  monobromide  of  camphor,  salts  of  ber-  Siprepltmrttonlu 
berine,  nitrite  of  amyl,  a  variety  of  fluid  extracts  in  large 
bottles,  and  a  *'line"  of  sugar-coated  pills  in  large  quanti- 
ties and  of  good  api)earance.     The  coating  of  pills  with      Sagai>coated 
sugar  has  developed  enormously  of  late  years  in  the  United 
States,  and  it  lias  become  the  largest  producer  of  this  class 
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uNiTEu  BTATiM.  pf  products  111  tbo  world.     Originating  in  France  many 
Hance  Broa.  &.  yeoTS  ago,  the  art  of  sugar-coating  of  confectioner's  drugie^ 
became  almost  oniversal  and  very  popular;  it  was  taken  up 
Sugar-coated  by  the  apothecarlcs  ostensibly  for  the  purpose  of  disguising 
the  nauseous  taste  of  drugs.    From  France  the  practice  ex- 
tended to  other  countries  and  found  its  principal  develop- 
ment in  this  country,  where  it  has  almost  replaced  the  old 
style  of  pill,  seriously  threatening  the  occupation  of  the 
regular  pharmacist  in  the  practice  of  his  calling  and  the 
usefulness  of  the  national  pharmacopoeia. 
Advantages     This  ncw  art  has  been  found  not  only  to  cover  the  dis- 
tagea  of  tho  now  gustiug  tastc  of  the  drug  contained  in  the  pill,  but  unfortu- 
^^  nately  in  many  instances  it  also  serves  to  cover  light  weights, 

inferior  medicines,  etc.,  as  has  been  repeatedly  shown  by 
critical  analyses  made  and  reported  by  committees  of  the 
American  Pharmaceutical  Association  during  the  past  ten 
years.  The  medical  and  pharmaceutical  professions  in 
Europe  do  not  seem  to  look  with  much  favor  upon  this 
style  of  elegant  pharmacy. 
wyetb&Bro.,  Wycth  &  Bro.,  of  Philadelphia,  exhibited  medicinal 
Elixirs  and  elixirs,  compresscd  powders,  dialyzed  iron,  sacchanited  pep- 
sin, and  some  other  pharmaceutical  preparations  and  special- 
ties of  very  handsome  and  prepossessing  appearance  and 
excellent  quality,  all  of  which  were  in  graceful  bottles  well 
adapted  for  the  purposes  of  an  exhibition,  and  inclosed  in  a 
large  and  handsome  sbow-case. 

Emil  Scheflfer,  of  Louisville,  the  originator  of  saccharated 

pepsin,  was  not  represented. 

The  display  of  pills  which  attracted  the  most  attention 

schieffeiin  &  aiid  cxcitcd  the  most  interest  was  that  of  W.  H.  Schiefielin 

&  Co.,  of  New  York.    Their  vitrine  was  not  large,  but  it  was 

exceedingly  neat,  tasteful,  perfectly  finished,  and,  like  the 

collection  of  the  Philadelphia  College  of  Pharmacy,  it  was 

modest  and  inviting,  and  their  exhibit  merited  the  compli- 

suporiorcoatod  meuts  that  were  passed  upon  it.    Their  assortment  of  pills 

was  extensive  and  handsome.    They  had  been  coated  cold 

A  thill,  iran»-  and  ill  a  soft  state  with  a  thin,  ti*ansparent,  and  soluble 

parent,     solublo  7x7 

coat  coating,  which  adds  practically  nothing  to  their  size  or 

weight  while  it  protects  the  interior  from  the  atmosphere 
and  prevents  hardening  of  the  mass  by  evaporation.  This 
collection  is  an  example  of  perfection  in  pill  manufacture. 
The  idea  of  enveloping  pills  in  a  coating  of  gelatine,  sugar, 
gum,  resin,  balsam,  etc.,  is  old,  and  has  been  practiced  with 
varying  success  for  a  century;  but  complete  success  has 
never  crowned  the  attempts  to  secure  a  thin,  transparent., 
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quickly  soluble,  and  perfectly  protective  coating  for  pills  uwitbd  states. 
until  the  subject  was  taken  up  by  Scliieflfelin  &  Co. 

Artificial  mineral  waters  and  apparatus  for  preparing  and    Boicn  &  Byrne. 
dispensing  them  were  handsomely  displayed  by  Bolen  &  amf ^  duUii^n" 
Byrne,  of  New  York.    The  qualities  of  their  products  were  app««»tu». 
tested  with  approval  and  great  satisfaction  by  the  numerous 
thirsty  visitors  to  the  United  States  section  of  the  Exposi- 
tion. 

De  Mortie  &  Co.,  of  BurkeviUe,  and  T.  D.  DriscoU,  of  ^^^^'SriwoiL 
Well  Water,  Va.,  exhibited  fine  specimens  of  oil  of  sassa-    oiiofeaaeafra*. 
firas,  produced  in  large  quantities  and  at  cheiip  rates  in  the 
States  of  Maryland  and  Virginia,  whence  it  finds  its  way  to 
market  principally  in  Baltimore. 

Forstall  &  La  Eose,  of  New  Orleans,  exhibited  spirits  of  j^»^i  *  ^ 
turpentine  and  other  products  from  the  Southern  pine.  Tuipentinc 

Fritzsche  Brothers,  of  New  York,  sent  a  gOod  collection  of  rritzBchoBrw., 
essential  oils  of  pepi)ermint,  etc.  Eaaentiai  ou*. 

Hale  &  Parshall,  of  Lyons  N.  Y.,  exhibited  specimens  of  ^j^j*!®  ^  Pa»-- 
American  essential  oils,  some  of  which  were  turbid  fi[X)m    Eaientiai  oiia. 
some  cause  not  explained. 

H.  G.  Hotchkiss,  of  Lyons,  and  L.  B.  Hotchkiss,  of  Phelps,  ?  g  g^J^^kiw 
N.   Y.,   had   large    displays   of  fine    oil   of  peppermint,    oa'ofpeppor- 
The  oils  of  these  makers  has  acquired  a  world-wide  repu- 
tation, and  is  quoted  in  the  market  reports  as  commanding 
the  highest  prices  of  any  peppermint  oils. 

Keith  &  Co.,  of  New  York,  exhibited  a  good  specimen  of  Keith  &co.. 
oil  of  erigeron.  on  of  erigewn. 

McKesson  &  liobbins,  New  York ;  Blackmar  &  AUerton,  Exhiwu  of  e»- 
Newark,  N.  J.j  A.  M.  Todd,  Nottawa,  Mich. ;  the  United  "^"**"^  °""- 
States  Department  of  Agriculture,  Washington ;  and  Wolf 
Brothers  &  Keech,  of  Centreville,  Mich.,  all  exhibited  fine 
specimens  of  essential  oils  distilled  from  American  plants, 
among  which  may  be  mentioned  oils  of  erigeron,  of  pepper- 
mint, of  spoannint,  of  wormwood,  of  tanzy,  etc. 

Fine  specimens  of  oil  of  orange  flowers  and  of  petit-grain 
were  exhibited  in  the  building  of  the  United  States  Agri- 
cultural Department,  in  the  United  States  annex,  but  the 
name  of  the  producer  was  not  obtained  by  the  reporter. 

Gteo.  J.  Faller  of  Philadelphia,  exhibited  sewing-machine    goo.  j.  F«u©r. 

^•1-,  Scwing-mo- 

oils.  chine  olL 

Frazer  Lubricator  Company,  of  New  York,  had  specimens   Fnu^r  Lubrt 
of  their  axle-grease  on  exhibition.  ^Axio-groaM. 

B.  J.  Chard,  of  New  York,  subjected  his  lubricine  to  the    k.  J.cbud. 
test  of  acitual  trial,  in  connection  with  his  lubricating  cups, 
on  some  heavy  steam-machinery  in  the  United  States  sec- 
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usrntD  8TATE8.  tioii,  aiul  the  results  of  the  test  were  said  to  be  quite  satis- 
I'aetorv. 

Rj^nveiaud,  Robert  Freeland,  of  Boston,  exhibited  soaps  manufactured 
by  a  rapid  and  economical  process.  They  presented  the  ex- 
ternal appearances  of  the  best  articles  of  their  class. 

^'  L.  Hauth-     0.  L.  Hauthaway  &  Sons,  of  Boston,  displayed  excellent 

Bkckhi^c.  '      blacking  and  leather  dressing. 

vr.  Droydoppie,     William  Dreydopple,  of  Philadelphia,  erected  a  Large  and 

Borax  soap,  handsome  monument  made  of  his  borax  soap.  This  prod- 
uct is  said  to  possess  many  iulvantages  over  ordinary  soaps 
for  bleaching  woolen  goods  and  fabrics  made  of  material  of 
a  similar  nature. 

Adams  6c  sha-     Adams  &  Shalcr,  of  New  York,  an^  D.  M.  Young  &  Co., 

^*^ I).  M.  Touug.    o^  Boston,  exhibited  specimens  of  extract  of  bark  for  tan- 
Bark  extracts,  ^lijirt. 

F.  w.  Hunt  &  F.  W.  Hurtt  &  Bros.,  New  York,  exhibited  chemicals,  per- 
'^Perfumery,  etc.  fumcs,  aud  toilct  articles. 

Leonard &Eiii8,  Leonard  &  Elhs,  New  York,  displayed,  in  quite  handsome 
oils.  ^'^^^^^^^^  style,  lubricating  oils. 

F.s.  Pease.  F.  S.  Pcase,  Buftalo,  N.  Y.,  had  a  large  and  attract! ve  col- 

LiffbtioK   nnd  Icctiou  of  illuminating  and  lubricating  oils  on  exhibition. 

lubrtcatin*;  oils.  _,    ,_  ^     -r-^.,^       ■.  -r^,  •-■     i    i    i  .  .  .»  ..     i  ^ 

Meiior  jc  Kit-  Mcllor  &  Eitteuhouse,  Philadelphia,  exhibited  a  case  of 
^^^Extract  of  li-  ^'^^^  supcrior  extract  of  licorice  root.  They  also  included 
oorice.  ill  their  vitrine  a  specimen  of  jervia  and  one  of  glycyrrhi- 

zine  in  its  ammoniacal  combination. 

Restorff.  Bt  1 1-     Kestorflf,  Bettmauu,  &  Co.,  Now  York,  showed  their  leather 

luauD  &  Co.,  '  '  '  ' 

^^Leather  dress  dressing  aud  slioe  broiizc. 

Smith's  Ho.     Smith's  Homoeopathic  Pharmacy,  New  York,  with  homoBO- 

mlu!5?!**^*^  ^^*^^' pathic  globules  had  samples  of  "alkathrepta"  (aprepara- 
•Aikatbrepta." ^-^^^  ^^.^^  ^^^^^  ^^  exhibition. 

w.  TUden.  &     Tildcu,  (Win.),  &  Stokes  and  Valentine  &  Co.,  New  York, 
tini;  &  Co..  *  *^^'  displayed  a  variety  of  very  fine  varnishes.    The  writer  was 
^  a"»»**^**«       informed  that  the  varnishes  of  the  latter  firm  had  been  used 
on  some  of  the  finest  carriages  of  both  American  and  Eu- 
ropean make  in  the  Exhibition,  and  had  received  very  flat- 
tering testimonials. 
Tim\  oap     The  Tunyoap  Manufacturing  Company,  Boston,  exhibited 
ManufCo,        ^^  ^^^  product  resulting  from  the  "partial  oxidation"  of 

a  waste  material  from  petroleum  refineries,  which  is  at  pres- 
Leather  dr«  ss-  eut  applied  as  SL  drcssiug  to  render  leather  soft,  durable,  and 
water-proof. 
Seabury  &     Scaburj^  &  Johusou,  Ncw  York,  displayed  a  large  assort- 
piasten.         mcut  of  medicated  and  other  plasters  suited  to  surgical  uses. 
They  are  made  of  the  rubber  plaster  composition,  which  is 
claimed  to  possess  many  advantages  over  the  old  and  offici- 
nal plaster.    The  appearance  of  this  exhibit  indicated  that 
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great  care  and  taste  had  \>een  exercised  in  the  fabrication  of  united  states. 
the  products  shown. 


Exhibitors  of  chemical  products  from  the  United  States    Exhibitors  of 

x>  11  chemical        nn>- 

were  as  follows :  ducts. 

Anthony  Pirz,  Long  Island  City,  who  sent  handsome  cry  s-    Anthony  vin, 
tals  of  acetate  of  lead. 

Hance  Brothers  &  White,  Philadelphia,  besides  pharraa-   .^anci  Broa.& 
ceutical  products  exhibited  a  collection  of  products  of  chemi- 
cal manufacture,  such  as  monobromide  of  camphor,  nitrate 
of  amyl,  etc.,  all  of  which  presented  a  fine  appearance. 

Henry  Bower,  Philadelphia,  showed  yellow  prussiate  of   Henry  Bower. 
potash,  sulphate  of  ammonia,  and  pure  concentrated  glycer- 
ine.   The  latter  was  very  dense,  colorless,  free  from  odor, 
and  adapted  in  every  respect  for  all  the  uses  of  a  pure  gly- 
cerine. 

H.  J.  Baker    &    Bro.,  New    York,  exhibited  beautiful    h.  j.  Baker  a 
specimens  of  pure  castor-oil,  borax,  refined  saltpeter,  cam- 
phor, and  purified  epsom  salts.    They  were  all  prepossess- 
ing in  appearance,  and  were  doubtless  of  fine  quality. 

Charles  T.  White  &  Co.,  New  York,  made  a  fine  display  c.  t.  white  & 
of  some  of  the  leading  articles  manufactured  in  their  labora- 
tory, handsome  specimens  of  morphia  and  its  salts,  strych- 
nia in  large  bold  crystals,  bromide  of  potassium,  etc.,  all  of 
which  indicated  great  care  in  their  preparation  and  excep- 
tional purity. 

A  new  product  from  petroleum  called  vaseline  was  ex-      chesobrouph 
hibited  by  the  Chesebrough  Manufacturing  Company,  New    vaseline.' 
York,  and  a  similar  substance  called  cosmoline  was  shown 
by  E.  F.  Houghton  &  Co.,  Philadelphia.    Apollo  fat,  also   £.  f.  uou;;hton 
called  vaseline,  was  exhibited  by  Gartemberg,  Lauterbach,    CMmoiine. 
&  Goldhammer  in  the  Austrian  annex. 

These  substances — ^vaseline,  cosmoline,  and  apollo  fat —  rraA'^^^^)^v 
are  claimed  to  have  many  properties  in  common,  and,  fr^ni  ^''^n^m.  ^^* 
all  the  information  obtained  in  regard  to  them,  they  are  sup- 
posed to  be  similar  products  or  educts  from  petroleum,  being 
mixtures  of  various  hydrocarbons  existing  in  or  formed  out 
of  it,  obtained  by  evaporation  at  a  high  temperature  and 
repeated  hot  liltrations  through  animal  charcoal.  They  are 
said  to  be  free  from  chemicals  of  every  description,  odorless, 
or  nearly  so,  especially  when  recently  prepared,  and  grading 
in  color  from  almost  white  to  a  yellow  or  orange  tint,  occa- 
sionally in  the  colored  samples  presenting  a  strong  fluores- 
cence. The  latter  property  was  observed  to  be  very  pro- 
nounced in  the  case  of  the  article  called  cosmoline.  Their 
Gonsistence  varies  from  that  of  a  thick  oily  fluid  to  that  of 
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uNiTgD  BTATE8.  ^  lardj  Diass,  and  they  possess  lubricating  qualities  in  a  very 
high  degree.    They  are  said  to  be  incapable  of  saponifica- 
tion, dissociation  by  hot  steam,  and  not  to  become  rancid 
^n^iinc  and  n^^^  f^tg.    The  vascline  of  the  Chesebrough  Company  is 

nearly  white,  and  is  said  to  be  a  succedaneum  for  fats  as  a 
basis  for  ointments  and  for  other  pharmaceutical  prepara- 
tions, and  well  adapted  to  the  uses  of  the  perfumer  in  the 
process  of  enfleurage  of  pomatums.  Houghton  &  Co.,  be- 
sides cosraoline,  which  is  recommended  for  the  same  pur- 
poses as  vaseline,  make  a  preparation  which  they  call  cos- 
molubric,  and  laud  it  highly  as  an  efficient  lubricant  and 
anti-incrusting  agent  for  use  in  steam-boilers. 

These  substances  are  comparatively  new  products  of 
chemical  industry,  possessing  valuable  properties  suiting 
them  for  many  useful  applications  in  the  arts,  and  they  will 
doubtless  come  into  general  favor  in  the  near  future. 
tranHferred^Iilm  "^^^  foUowiug  cxhibitors  are  placed  in  Class  47  in  the 
ciw^si'  ^^  ^^^^^  United  States  Official  Catalogue  issued  by  the  Commissioner- 
General,  but,  by  decision  of  the  jury  of  that  class,  were 
declared  not  to  belong  to  it,  and  consequently  were  not 
included  in  the  examinations  by  that  jury : 

U.  J.  Chard:  Automatic  lubricating  cups.  (The  lubricine 
of  this  exhibitor  was  not  discovered  until  after  the  visits  of 
the  jury.) 

Austin  G.  Day  :  Kerite  insulated  telegraph  wire  and  ca- 
bles. 

J.  P.  Evans  &  Co. :  Flaxseed  and  linseed  oil. 

Oregon  Stiite  Commission:  Raw  and  boiled  linseed-oil 
and  oil-cake. 

Philadelphia  College  of  Pharmacy:  Collection  of  vege- 
tables. 

Wallace  Brothers :  Plants,  herbs,  and  flowers. 


Keconipen»c8     All  the  exhibits  in  Class  47  that  were  displayed  in  the 

to     exhibits     in^.    .-^  ..,  ,-r-..  ,  .  i., 

Agric  Dept.  an-  United  States  Agricultural  Department  annex  were  credited 

to  that  department  and  the  recompenses  rewarded  accord- 
ingly. 

THOMAS  B.  JENKINS, 

Additional  CommiHsioner. 
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[  Extxaot  from  the  Of&oial  Claairifloatlon  J 
CLASS  43.--MINING  AND  METALLURGY. 

Collections  and  specimens  of  rooks,  minerals,  ores.  Ornamental  stones.  Hard 
stones.  Refractory  snbstances.  Earths  and  clays.  Various  mineral  products.  Raw 
sulphur.    Rock  salt ;  salt  from  salt  spring. 

Mineral  friel :  various  kinds  of  coal,  coal  dust,  and  compressed  coal.  Asphalt  and 
rock  asphalt.    Bitumen.    Mineral  tar.    Petroleum,  etc. 

Metals  in  a  crudo state:  pig-iron,  iron,  steel,  cast-steel,  copper,  lead,  silver,  zine,  etc. 
Alloys. 

Products  of  washing  and  reiiniug  precious  metals,  of  gold-beating,  etc. 

[NoTK. — The  following  report  refers  to  only  a  portion  of  the  sat^ects  in  the  claiM.  ] 


[In  forwarding  this  report  to  the  Department  of  State,  Mr.  Hague  offered  an  expla- 
nation, under  the  date  of  December  26,  1879,  frt)m  which  the  following  is  extracted:] 

'*  When  I  had  the  honor  of  accepting,  nearly  two  years  ago,  the  appointment  of  Ad- 
ditional Commissioner  to  the  Paris  Exposition  of  1878,  I  confidently  expected  to  have 
folly  discharged,  long  before  now  and  to  the  best  of  my  ability,  all  the  obligations 
incurred  by  such  acceptance. 

'^ Among  these  obligations,  as  I  found  after  arrival  in  Paris,  was  the  preparation 
of  a  report  upon  Group  V  of  the  Exposition.  A  brief  inspection  of  the  catalogue,  how- 
ever, showed  this  group  to  be  so  comprehensive  in  its  range,  comprising  exhibits  of 
products  so  diverse  in  character,  that,  after  consultation  with  the  Commissioner-Gen- 
eral, I  determined  to  limit  my  official  investigation  to  some  of  the  exhibits  of  Class  43, 
embracing  ores,  minerals,  and  the  crude  products  of  mining  industry. 

''It  was  my  good  fortune  to  secure  the  aid  of  my  friend,  Mr.  George  F.  Becker,  of 
the  United  States  Geological  Survey,  and  lately  of  the  University  of  Califomia,  in 
making  the  necessary  examination  at  the  Exposition,  and  he  has  contributed  largely 
to  the  paper  which  I  herewith  submit/' 
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BANK  OP  THE  GREAT  MINING  COUNTRIES. 

PEODT7CTION    AND   BANK   OF   THE   GBEAT   MIHIMG   COTJN- j^*^^, 
TEIES  OF  THE  WORLD,  1876.  ^SlfJJf 

Id  the  BolgiaD  exhibit  at  Paris  was  displayed  an  iiiterest- 
iug  chart  sbowiiig  the  total  quantities  of  coal  and  base  met- 
als produced  in  the  priocipal  couutries  of  the  woild,  the 
quantities  per  square  kilometer,  and  the  rauk  occupied  by 
each  for  the  year  1876.  Such  a  general  statement  seems 
desirable  as  an  introdnctlou  to  the  following  papers,  and  the 
figures  uaed  in  plotting  the  chart  have  been  employed  for 
that  purpose. 

In  the  origiual,  tonttes  of  1,000  kilos,  or  2,205  pounds,  and  2^^i;i,n 
square  kilometers  are  the  units  employed.  The  unit  of 
weight  is  so  near  our  own  ton  that  its  conversion  seems  un- 
necessary. The  products  per  square  kilometer  have  been  Sqiur 
reduced  to  yield  per  square  mile  by  multiplying  by  2.6. 
Gold  and  silver  have  also  been  added  to  the  list  &om  data 
obtained  from  Dr.  A.  Soetbeer's  memoir,  "  EdelmetaHrpro- 
duction,  Petermann's  Slittkeilung^  Ergaenawngt-Heft,  No.  07, 
1879." 

COAL. 


GreM  Britain. 


I,T[I8.S[2     I.  Spain  .. 
m,tii     8.  KuHia  . 


B         Product  of  < 

»  C  in  TUlOD4    f» 

S  a       tries,     uid 


'HDted  In  the  tablfia.  bcra 
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Bdativeprodutt 
of  variouM  eovfi* 
triet. 


IBONOBB. 


Iioo  oirati 


Fig-iron. 


Coimtries. 


1.  Great  Biituin 

2.  United  States 
8.  France* 

4.  Prassia 

5.  Buaaia 

6.  Lnxembonrg . 

7.  Sweden 

8.  Aostiia 

9.  Spain 

10.  Belf^ium 


Countries. 


Tonne*. 

17,  111,  049 

4,500,000 

8,081,026 

2,072,250 

1, 935, 187 

1,106,729 

787,002 

554,965 

436,586 

269,206 


1.  Luzomboorg.. 

2.  Great  13ritain 

8.  Belgium 

4.  Pnusia 

France 

Austria 

Sweden 

Spain 

United  States 
Kussia 


5. 
6. 
7. 
8. 
9. 
10. 


*  figures  for  1872  (latest  ollicial  statistics). 

PIG-IBON. 


1.  Great  Britain 

2.  United  States 
8.  France 

4.  Prussia 

5.  Belgium 

6.  Bussia 

7.  Sweden 

8.  Austria 

9.  LuxemlM)urg . 
10.  Spain 


0,64'^  895 

2,093,236 

1,449,537 

1,334«338 

490,498 

427,548 

848,257 

273, 0t5 

:&80,50U 

56,462 


TonnM. 
1,204 
140 
23 
15 
15 
4.7 
4.4 
2.8 
L8 
0.5 


1.  Luxembourg. 

2.  Great  Britafii 
8.  Belgium 

4.  Prussia 

5.  France  

6.  Austria 

7.  Sweden 

8.  United  States 

9.  Spain 

10.  Kussia 


231 

55 

44 

10 
7.8 
2.8 
2.1 
0.5 
0.8 
0.2 


BAB-IBON. 


Bar-iron. 


SlMl. 


Leikd. 


1.  United  States. 

2.  Great  Britain 
8.  France 

4.  Prussia 

5.  Belgium 

6.  Buisia 

7.  Sweden 

8.  Spain 

9.  Luxembourg. 
10.  Austria* 


1,922,000 

1,822,704 

875,000 

814,000 

809,000 

304,056 

167,719 

41,464 

7,418 


1.  Great  Britain 

2.  Luxembourg. 
8.  Prussia 

4.  France 

5.  Belgium 

6.  Sw^en 

7.  United  States 

8.  Spain 

9.  Kussia 

10.  Austria* 


STEEL 


1.  Great  Britain. 

2.  United  States 
8.  France 

4.  Prussia 

5.  Belgium   

6.  Sw^en 

7.  Kussia        — 

8.  Spain 

D.  Austria* 


545.560 

625,096 

254,101 

126,500 

75,258 

18,785 

8,045 

2,720 


1.  Belgium 

2.  Great  Britain 
8.  United  States 

4.  France 

5.  Sweden 

6.  Pmssia 

7.  Spain 

8.  Kussia 

9.  Austria* 


*Not  stated  in  the  official  statistics. 


LEAD.* 


1.  Spain 

2.  Prussia 

3.  Great  Britain. 

4.  United  States 

5.  Francet 

6.  Belgium 

7.  Austria 

8.  Kussia 


101, 522 

70, 207 

50,606 

58,125 

21,839 

6,963 

4, 291 

1,083 


1.  Belgium 

2.  Spain 

8.  Prussia 

4.  Groat  Britain 

5.  France 

6.  Austria   — 

7.  United  States 

8.  Russia 


15 
7.8 
6.0 
4.2 
8.6 
1 

0.5 
0.2 
0.16 


6.5 

4.4 

1.4 

L3 

1 

0.04 

0.16 

0.018 


0.614 
aS28 
0.623 
0.491 
0.104 
0.086 
0.016 

aooo5 


*  In  the  absence  of  recent  official  statistics,  Italy  and  Greece  do  not  appear  in  this 
table,  in  spito  of  their  importance  as  lead-producing  countries.  The  former  produces 
about  9,00U,  the  latter  about  8,000  tons. 

t  Figure  for  1872  (latest  official  statistics),  including  the  wrought  metal. 
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^RAxcE__     FRANCE  AND  THE  FRENCH  COLONIES- 

FRANCE.* 

Gaulish  mines,     The  miniui?  industrv  of  France  is  of  ancient  origin.    Be- 

and  knowledge  of  -         ,,      ^^  ..,>-•       ^  «       .,.  ..,  ,  •■ 

metals.  foFc  the  Roman  conquest  the  Gaals  were  familiar  with  gold, 

silver,  copper,  tin,  bronze,  and  iron.    Under  the  Roman 
Roman  expioi-  rule  the  exploitation  of  metalliferous  mines  gave  rise  to 
some  very  important  and  extensive  works,  which  were  aban- 
doned, however,  at  the  time  of  the  Northern  invasion,  to  be 
The  Saracens,  rcsumed  again  by  the  Saracens  in  the  Pyrenees,  the  Alps, 
and  some  other  districts;  but  it  was  only  about  the  end  of 
the  eleventh  century  that  the  mines  of  France  assumed  any 
real  importance.    In  the  thirteenth  century  the  mines  were 
again  abandoned,  in  consequence  of  the  long-continued 
Internecine  wars,  which  disturbed  the  country  and  dispersed  the  labor- 

die  ages.  crs.    They  were  not  reopened  until  the  commencement  of 

the  sixteenth  century,  shortly  after  the  discovery  of  Amer 
ica,  when  greater  depths  in  the  mines  were  made  accessible 

mithods"'^'^^^ ^y  ^^^  opening  of  deep-drainage  tunnels,  and  ores  of  low 

value  were  utilized  by  improved  processes  of  crushing  and 
separating  the  richer  mineral  from  the  worthless  gangue. 
Operations  were  again  arrested  by  the  Thirty  Years'  War 
and  incidental  disturbances.     In  the  eighteenth  century, 

^Period  of  Louis  and  i)articularly  under  Louis  XVI,  some  prosperous  mining 

operations  were  prosecmted  in  Brittany,  the  Pyrenees,  and 
Introduction  of  in  Central  France.    The  introduction  of  powder  and  of  im- 

gunpowder. 

proved  mechanical  appliances  increased  the  eflFect  of  labor, 
and  resulted  in  the  working  of  the  mines  at  greater  depths. 
But  this  prosperity'  was  only  temporary  5  the  creation  of  a 
corps  of  mining  engineers  (1781)  and  of  a  school  of  mines 
(1783),  and  the  law  of  April  1, 1810,  which  defined  and  as- 
sured the  rights  of  ownership  in  mines,  did  not  succeed  in 
reviving  the  industry  in  metal  mining  of  France,  which 
(not considering  iron)  today  employs  only  about 4,000 la- 
borers, producing  annually  a  value  of  only  6,356,607  fr. 
Few  paying  It  is  to  bc  remarked  that,  excepting  the  ores  of  iron,  few  of 
except  iron,      'the  metalliferous  deposits  of  France  are  sufficiently  rich, 

and  at  the  same  time  sufficiently  accessible,  to  repay  exploi- 
tation. 


*  Mainly  from  tho  **Stafi8tiqm  de  VInduslrie  Afin&ale"  and  other  official 
sources. 
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Since  the  year  1791  there  have  been  granted  1,233  mining       r^^cE. 
concessions  of  everj^  sort.    Of  these  615  were  for  combusti-    Mining  ooncee- 
ble  materials,  207  for  ores  of  iron,  225  for  metals  other  than 
iron,  96  for  sundry  substances.    In  1872  there  existed  611    in  i872. 
concessions  of  mines  of  coal,  anthracite,  and  lignite,  cover- 
ing a  superficial  area  of  little  more  than  5,418J  square  kilo- 
meters (about  2,092  square  miles) ;  251  concessions  of  iron 
mines,  with  a  superficial  area  of  1,187.09  square  kilometers 
(about  458  square  miles) ;  and  222  concessions  of  mines  of 
sundry  metals — embracing  an  extent  in  area  of  2,867.79 
square  kilometers  (about  1,107  square  miles).    At  the  end    ini875. 
of  1875  the  number  of  concessions  of  mines  in  France  had 
increased  to  1,256,  of  which  613  were  for  coal  or  mineral 
fuel,  284  for  iron,  244  for  sundry  metals,  and  615  for  various 
substances.     Besides  these  there  are  a  great  number  of 
quarries  from  which  are  obtained  materials  for  construction, 
building-stones,  marbles,   clays,   refractory  earths,   phos- 
phates, ochers,  talc,  barytes,  sulphur,  rock-salt,  alum,  etc. 

Ores  of  copi)er  are  rare  in  France.  Such  as  are  treated  Copper  ores, 
there  metallurgically  are  brought  from  Bolivia,  Algeria,  and 
Italy;  the  supply  of  metal  from  these  sources,  and  from  the 
remelting  of  old  stock,  being  supplemented  by  importations 
of  copper  from  England,  the  United  States,  and  Chili,  espe- 
cially the  last-named  country. 

In  addition  to  the  domestic  supply  of  lead  ores  in  France    Lead  ore«. 
are  those  sent  from  Sardinia,  Spain,  and  Algeria;  while 
lead  is  imported  in  the  pig  from  England,  Spain,  and  Bel- 
gium. 

Ores  of  zinc  are  mined  and  treated  to  some  extent  in  the    zino  ores. 
south  of  France;   the  principal  portion  of  the  zinc  ores 
treated  in  France,  however,  come  from  Spain,  Germany, 
and  Belgium.    The  crude  metal  is  also  brought  from  Silesia 
and  other  sources  for  manufticture. 

The  supplies  of  manganese,  mercury,  antimony,  cobalt,       Manganese, 
tin,  and  the  precious  metals  employed  in  the  industries  of  SSny^m.  gowi 
France   come   almost  altogether  from  foreign  countries.  J^JSA.  *'****  *"' 
Within  recent  years  largo  quantities  of  nickel  ores  have 
been  sent  to  France  from  New  Caledonia,  one  of  the  French 
colonies  of  the  South  Pacific. 

The  most  important  elements  in  the  mining  industries  of  iron  ore. 
France  are  iron  and  coal.  The  iron  deposits  have  been 
worked  since  the  time  of  the  Gauls  in  many  localities  where 
the  ore  was  found  sufficiently  rich  to  be  reduced  in  small 
charcoal-hearths.  This  industry-  continued  to  increase  stead- 
ily from  the  end  of  the  sixteenth  century,  when  it  first  as- 
sumed a  real  importance,  until  18CiO,  when  the  necessity  of  TreaUesof  laeo. 
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PRA^'CR. 


Impoitation  of 
richer  iron  oies. 


Snbstitation 
of  richer  foreign 
ores  for  the  poor 
native  ores. 


Importation 
nnd  consumption 
of  iron  ores  in 
France. 


competing  with  foreign  products,  to  which  commeroial  treat- 
ies had  opened  the  country,  brought  about  the  importation 
of  richer  ores  from  a  distance  and  even  from  abroad,  with 
which,  by  the  use  of  coke,  it  was  possible  to  produce  iron 
comparable  in  quality  to  that  made  with  charcoal  at  a  higher 
cost. 

This  change  in  the  metallurgical  industry,  together  with 
the  gradual  substitution  of  steel  for  iron,  has  diminished 
the  production  of  iron  ores  of  low  tenor,  which  are  of  very 
abundant  occurrence  in  France,  by  diverting  the  attention 
of  metallurgists  to  the  richer  deposits  of  the  Pyrenee>s  and 
the  Alps,  where  extensive  and  important  operations  have 
been  undertaken.  Notwithstanding  this,  the  importance  of 
foreign  ores  for  treatment  in  France  appears  to  have  in- 
creased somewhat  in  spite  of  the  loss  of  Alsace  and  Lor- 
raine. 

The  following  table  shows  the  importation  of  iron  ores  into 
France,  in  juxtaposition  with  the  consumption  for  a  series  of 
years.  The  French  tonne  is  1,000  kilos,  or  2,205  lbs.  avoir- 
dupois. 


Year. 


1863 
1872 
1873 
1874 
1875 


Importation. 


Tonnei. 
117,607 
438,734 
720,508 
801,249 
832,875 


Conamnption. 


TonnM. 
8,292,488 
8,105,402 
8,418,779 
8,104,534 
3,150,078 


soorccs  of  for-     The  sourccs  upon  which  France  draws  for  iron  ores  may 
cign  iron  ores.     ^^^  g^^  f^^  ^jj^  following  table : 


Country. 


Algeria 

Spain 

Selginm 

Italy 

other  countries 

Total 


• 

1873. 

1874. 

287,832 
176,591 
120,932 
123,081 
83, 57-2 

838.282 
186,188 

92,034 
145,070 

40,769 

720,508 

801,249 

1875. 


388,807 
150.884 
132,873 
120.211 
88,800 

833,875 


Goal 


Coal  was  mined  at  Eoche-la-Molifere,  in  the  valley  of  the 
Loire,  as  early  as  1321.     In  the  sixteenth  century  there 
„  ,    ,    ,     were  exploitations  in  coal  at  Brassac  and  at  Grand'-Combe* 

£!arly  uovelop- 

mcntofcoaimin-  At  the  cud  of  the  Seventeenth  century  coal  mining  was  de- 
veloped at  Decize,  and  French  coals  were  sent  to  Paris  in 
competition  with  English  coal,  which  had  been  used  there 
since  1620.  During  the  eighteenth  century  the  coal-mining 
industry  of  France  assumed  considerable  importance.  In 
i>tpnai-(  oeiDo  for  1720  the  Vicomte  D^sandroins  discovered  coal  at  Fresues, 
i^^!"'"'""*  *"  and  in  1734  at  Anzin.    The  first  steam  engine  was  broaght 
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FRANCE. 


to  France  in  1732,  and  employed  in  draining  the  mines  of  _ 

Anzin.    At  the  present  day  the  collieries  of  the  Compagnie    Ooai 

des  Mines  d^ Anzin  are  the  most  important  in  France,  ^^^^^  j(Sf™5fgf5^ 

annual  production  being  about  2,000,000  tonnes,  or  more 

than  one-eighth  of  the  entire  product  of  the  country.    In 

1789  the  coal  mines  of  sixteen  provinces  produced  240,000 

tonnes,  a  quantity  about  equal  to  the  coal  importation  of 

that  time.    Since  then  the  production  has  increased  CGfold,  diiS^^*1?S^ 

while  the  importation  has  increased  about  32-fold,  the  latter  ^^•'• 

being  now  only  about  48  per  cent,  of  the  native  i)roduction, 

to  which  it  was  about  equal  in  1789,  and  only  33  per  cent. 

of  the  total  consumption,  of  which  it  then  formed  53  per  cent. 

The  French  importation,  exportation,  and  consumption  of      e^iirtSS*** 
coal  for  three  years  were  as  follows,  in  tonnes :  and'    coneump' 

•'  '  tlon:  187»-1875. 


Importation. 


1873 
1874 
1875 


8,028,660 
7,433,470 
8, 282, 220 


Exportation. 


004,670 
747, 050 
671,580 


Coosiunption 


24, 702, 380 
23,417,580 
24, 0o7, 530 


More  than  one-half  the  coal  imrwrted  comes  from  Belgium,  .souroes  or  fo.- 

ftifP*  ooal. 

about  one-third  from  England,  and  an  eighth  from  Oermany. 
Of  the  exported  coal  nearly  two-fifths  goes  to  Italy. 

The  maimer  in  which  coal  is  consumed  is  always  an  inter- 
esting question  from  a  technological  point  of  view.  The 
following  are  the  data  i'or  France : 


How  consmned. 


MIdob 

Smelting  works 

Bailways 

Ocean  steamers 

Biver  steamers 

In  other  ways  (by  difTerence) 

Total 


1873. 


Tonnei. 

1,  C4'i,  1>30 

4,060,859 

2, 108, 471 

327,700 

71,000 

16, 182, 220 


24, 702, 380 


1874. 


Tonnet. 

1,110,060 

4,000,509 

2,031,110 

281,500 

61, 800 

15, 220, 642 


23,417,530 


1875. 


HodA 
iimDtio 


of  con- 
sumption of  ooal. 


Tonnet. 

1.174,280 

4,886,883 

1,080,773 

309,600 

68,000 

10,238,084 


Percent. 


I 


24.58 

&03 

1.26 

0.27 

65.80 


24,657,530 


100.00 


By  reference  to  the  articles  on  Great  Britain  and  Austria 
it  will  be  seen  that  the  percentage  consumption  varies 
greatly  in  the  three  countries. 

The  mean  price  of  coal  and  lignite  has  risen  steadily  dur-    Mean  price. 
ing  the  period  covered  by  the  table.    It  was  as  follows : 

Francs. 

In  1863 11.31 

Inl8C7 12.23 

In  1872 13.46 

In  1875 15.93 

These  are  practically  prices  of  coal,  to  the  production  of 
which  that  of  lignite  bears  a  very  small  proportion. 
12  p  E ^VOL  4 
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Prodnotft  of 


Table  of  the  produeia  of  the  French  minee. 


ProductB  of  tho  miDeial  industry. 


1863. 


ComboBtible  minorals :  Tonne*. 

Coal ,  10,447,022 

Lignite 262,647 


Total 


10,709,560 


1867. 


1872. 


Tonnes.         Tonnes. 
12,464,659  >  15,850,105 
274,029  I        44J.310 


12,738.688     15,802,614 


Peat i       421,842 

Rawironore i    4,009,6^ 


Metallic  ores: 

a".::::::::::::;:::: 

Lead  and  silver 

Antimony 

Manganese 

Nickel  and  cobalt 

Zinc   

Tin 

Iron  pyrites 

Iron  and  copper  pyrites. 


I" 


70,870 

305 

106,6*J9 

36 

4,239 

23 


28,717 


Total 


210. 819 


326,744 
8,279,395 


75,508 
220 

89,809 

100 

4,434 


550 
46,'933 


Tarions  minerals : 

BMixite  and  aluminous  minerals . 

Sulphur 

Bitumen  and  bituminous  schists. 

Graphite 

Bock-salt 


Total 


147. 377 

10 

168,304 


315, 751 


I 


1,200 

163,932 

'2i2,'767 

377,899 


824,828 
3. 081, 026 


7,658 
817 

77,618 
173 

10, 315 


202 

273 

45, 813 

89.539 


1875. 


Tonnsa. 
16.504,635 
452.205 


16.956,840 


1.600 
4.563 

208,180 
1 

191,722 


406,016 


817,748 
2.505^K70 


8,086 


•8,728 

228 

9,016 


4,088 

1,000 

181.154 


211.554  232.296  {         162,907 


2. 
4,900 
140, 


231.612 


370,907 


*In  former  years  the  crude  ore  as  it  came  from  the  mine  was  entered  in  the  SUUisHque,  but  of 
late  years  the  poor  ore  which  is  concentrated  appears  in  tho  tables  only  fur  the  weight  of  the  con- 
xentntion. 
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To  complete  the  foregoing  statement  of  the  products  of 
the  mining  industry  there  should  be  added  the  products  of 
quarries,  concerning  which  accurate  statistical  data  are  not 
readily  obtainable.  They  furnish  building  materials,  hard 
stones,  marbles,  jasper,  agate,  slates,  clays,  phosphates,  etc., 
which  in  the  aggregate  form  a  very  important  part  of  the 
mineral  resources  of  the  country. 

The  following  table  will  give  a  sufficient  idea  of  the  for-  ^  FMeign  ti-ade 
eign  trade  in  ores : 


in  ores. 


Karnes  of  minerals. 


Lead  ores... 
Copper  ores. 
Zinc  ores  . . . 
Tin  ores  — 
Manganese  . 
Antimony.. 
Iron  pyrites. 

Snlpnor 

Graphite 

Other  ores  . . 


Ores  of  gold  and  platinum . 
Ores  of  silver 


1873. 


I 
Importa-  Exporta- 
tion.   I     tion. 


Tonn$t.  '  Tonnef. 

12,U86  !      2,512 

4,591  I      1,058 

25,870  I      3.250 


24.408 

29 

14,416 

47,420 

975 

4,298 

KUot. 
32 
4,546 


1,651 

1 

14.697 

450 

51 

440 

KUo«, 


1874. 


1875. 


Importa- 
tion. 


Tonnet. 

12,631 

7.349 

23,720 

428 

26,014 

27 

11,785 

46,203 

934 

4.226 

KUoi. 
493 
123,119 


Ezporta-ilm 
tion. 


iport 
tion. 


rta-  Exporta- 
tion. 


Tonnet. 
2,848 
1.266 
1.748 


686 

96 

9,893 

114 
78 

024 

K%lo9. 
i64,'259' 


Tonnet. 

12,495 

6,462 

25,219 


17,440 

37 

25.755 

88.916 

978 

2,675 

Kilot. 
1.910 
121,356 


Tonnet. 
3,505 
1,746 
2,786 


1. 

134 

13,770 

58 

55 

40 

Kilot. 

**56,*2» 
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WRAXCE. 


Stedstioeofla- 
Ixnen  and  wages. 


In  1872  the  laboring  popolation  employed  in  the  mining  indnstry 
amounted  to  about  320,000  men,  of  which  number  134,173  were  employed 
in  the  mines  and  peat  works,  19,820  in  underground  quarries,  78,319 
in  open  quarries,  and  86,503  in  metallurgical  establishments.  The  fol- 
lowing table  presents  some  interesting  data  concerning  wages  and  value 
of  the  products  of  labor  in  mines  of  different  nature : 


Mean  of  waged  paid  annually  to  laborers  in  mines  of 


Yaloe  annually  prodaoed  per  laborer  in  mines  of 


Arerage  annual  prodootion  in  tonnes  of  material  per 
laborer  in  mines  of 


I 


Mines  of— 


Mineral  ftiel. 

Peat 

Iron 

Other  metals 
Mineral  fael . 

Peat 

Iron 

other  metals. 


Mineral  ftiel 

Peat 

Leon 

Manganese 

Iron  pyrites 

Copper  pyrites 

Argentueroos  galena 


1S0S. 


$182  40 
14  40 
111  60 
11B40 
820  00 
25  60 
24100 
258  00 


14^60 
1&80 

275.00 
84.90 

loaoo 


8L0e 


1872. 


$196  00 
13  00 
140  40 
117  40 
478  00 
26  60 
804  00 
256  00 

2  vfMMS. 

172.50 
11.05 

828.00 
28.60 

18&00 

168.50 
34.06 


In  the  abore  table  the  frano  is  reckoned  at  20  oento  United  States  oorrency. 
Uloa=2,205  poinds. 


The  tonne  is  1,000 
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Number, 
tent,  and  eqnip- 
ment  of  mines: 
1B6»-1872. 


A  general  idea  of  the  condition  of  the  mining  industry  of  France  is 
expressed  by  the  following  tabular  statement,  showing  the  number, 
extent,  and  equipments  of  mines  in  the  years  named  below : 


Ifinai 


Mineral  ftiel 


Peat 


Iron 


Other  metala 


BitaminoQB  aohists, 
bitomen,  and  sol 
phor. 


Bock-aalt 


1 


Number  of  mines 

Greatest  depth feet. 

S*^^«^ISi^ {SS^wir- 

Laborers  employed 

Total  production tonnes. 

Number  of  exploitations 

Laborers  employed 

Total  production tonnes. 

Number  ofmines 

Number  of  quanies 

Steam-engines 


C  Number 

I  Horse-power 

Laborers  employed 

Total  production tonnes . . 

Number  of  mines 

Greatest  depth feet. , 

Laborers  employed 

Total  production tonnes. . 

Number  of  mines 

Laborers  employed 

Total  production tonnes . . 

Number  of  mines 

Greatest  depth feet.. 

8te«„*ngine. {gS^w«; 

Hyd«oUo«.«ta» 1K?;,W: 

Laborers  employed 

Total  production tonnes. . 


1863. 


822 

2,068 

760 

28,078 

78,867 

10,700,668 

1,666 

80, 618 

421,842 

02 

814 

63 

787 

14.645 

8, 277, 885 

60 


4,672 

210, 810 

25 


147,887 

13 

571 

32- 

338 

3 

14 


168,864 


1872. 


310 

2,003 

873 

40,824 

01,880 

16,802,614 


26,883 

324,687 

81 

282 

47 

755 

0,605 

2,781,780 

51 

804 

4,020 

232,206 

26 

714 

214,203 

16 

868 

35 

482 

13 

147 

1,088 

101,720 
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"^'*^'»-  It  is  not  practicable  to  bring  these  tables  up  to  date,  for 

the  form  in  which  the  statistics  are  imblished  has  been 
slightly  changed;   nor  is  this  altogether  to  be  regretted, 
since  the  data  are  evidently,  if  accurate,  ver^^  incomplete. 
iiicompietenesa  Laborers  working  in  the  peat-bogs,  for  example,  certainly 
do  not  work  the  whole  year  through  for  thirteen  dollars, 
and,  if  not,  the  corresponding  data  as  to  the  number  em- 
ployed give  no  idea  as  to  the  amount  of  work  done. 
Fluctuations  in     The  price  of  labor  has  risen  since  1872.    In  1875  the  mean 
diS^lon^r  man.  wages  paid  collicrs  was  $211.05.    The  production  per  man 
in  the  cojil  pits  has  notwithstanding  diminished.    In  1875 
it  was  156  tonnes,  against,  172.5  in  1872.    This  falling  off  is 
possibly  due  to  the  increased  depth  of  the  mines,  but  the 
difference  is  very  large  to  be  accounted  for  in  this  way. 
Number     Engineers  will  be  able  to  gauge  the  extent  of  the  mining 
rteam^jSea  2i  industries  of  Fraucc  in  1875  by  a  glance  at  the  following 

French     mines:  a    ■»  *       j»  Ji  ■%  •»  n  ^.i.        a.  •  • 

1875.  table  of  the  number  and  power  of  the  st/eam-engines  in  use 

in  that  year : 

Character  of  the  mines.  Number  of  en-    »j;;J^^to 


Coal  or  other  fuel. 1,023  48,902 

Iron 53  978 

Othermetals 101  1,808 

Total 1,177  51,631 

Anzin  Coal  The  Anzlu  Cool  Mining  Company, 

Mining  Co. 

The  Coal  Mining  Company  of  Anzin,  as  has  been  men- 
tioned, is  the  largest  in  France.    Its  property  covers  28,054 
hectares,  or  about  108  square  miles,  and  it  produces  an- 
Kxtentnndpro.  uually  abovc  2,000,000  tonnes  of  coal,  employing  15,000  men, 
duction.  12,000  below  ground  and  3,000  on  the  surface.    If  the  focili- 

ties  for  drainage  were  good,  from  5,000,000  to  6,000,000  of 
tonnes  might  be  produced. 
Excellent   ex-     The  exhibit  of  this  companv  was  particularly  complete 

bibit'   statistical  *        »  r-  *?  r 

and  geological,  and  instructive.  Not  only  was  very  full  statistical  informa- 
tion furnished,  but  geological  specimens  illustrating  the 
deposits  were  to  be  seen,  as  well  as  samples  of  coal  and  of 
artificial  fuel,  the  tools  employed,  and,  above  all,  a  magnifi- 
cent model  of  a  portion  of  the  coal-seam,  with  the  under- 
ground and  surface  works  accurately  carried  out  to  a  scale 
Model  of  ndne  of  one-tcuth.    This  modcl  wa«  as  large  as  a  small  house. 

and  mode  of  ex-  ,     ^  •  ,      ,  /.    , 

pioitation.         A  passagc  led  into  the  lower  x)art  of  the  structure,  where  the 

folding  and  faulting  of  the  coal-seams  and  their  relations 
to  the  overlying  and  underlying  strata  were  admirably  ex- 
hibited.    The  passage  also  led  to  a  rei)resentation  of  the 
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FRANCB. 


Model  of    the 
mineaondworkA. 


underground  working,  where  were  seen  the  division  of  the 
ground  on  the  panel-work  plan,  the  method  of  breasting 
the  coal,  the  transportation  of  the  cars  by  the  tail-rope  9*^^^^^ 
and  endless-chain  systems,  and  the  hoisting  through  the 
shafts,  in  complete  detail.  The  safety  apparatus  is  that 
of  Cousin,  mentioned  elsewhere.  Ascending  a  stairway  one 
i*eached  a  moilel  of  the  surface  works,  including  the  build- 
ings, engines,  coal-screens,  etc.  In  short,  from  the  excel- 
lent disposition  and  execution  of  the  model,  the  mines  could 
be  studied  almost  as  well,  and  much  more  easily,  than  on 
the  ground. 

The  Anzin  Company  washes  its  own  coals,  and  manufact-  coke^aS'^S' 
ures  coke  and  artificial  fuel.  This  latter  branch  is  one  of  ^<^**^'"®^ 
great  importance,  the  product  being  no  less  than  160,000 
tonnes  per  year.  For  the  purpose  of  sustaining  it,  the  com- 
pany has  been  obliged  to  establish  a  tar  distillery,  the  liquid 
products  of  which  are  rectified  and  sold.  The  company 
owns  845  coking  furnaces  and  manufactures  300,000  tonnes 
of  coke  a  year. 

The  usual  arrangements  for  the  material  and  intellectual 
welfare  of  the  workmen  and  their  families  are  provided  on 
a  liberal  scale  by  the  company. 


Products  of  tlie  French  smelting  works. 

To  supplement  the  foregoing  tables,  information  is  given 
below  concerning  the  yield  of  the  French  metallurgical  in- 
dustries. In  this  connection  it  is  important  to  observe, 
what  has  already  been  noted,  that  French  works  draw  a  very 
large  portion  of  their  ores  and  crude  metal  from  abroad. 


Smeliing  works. 


Iron  and  steel  produced  in  France. 


Years. 


Pig-iron.     Bar-iron.      SteeL 


1810. 
1826. 
1830. 
1840. 
1850. 
1860. 
1870. 
1876* 


112.500  >   74,200 


266, 3U2 
347, 774 
461.653 
808,353 
1. 178, 114 
1, 305, 657 


138,460 
237,379 
240. 106 
532.212 
830,786 
870, 312 


IroB  and 
steel  produced  ia 
France. 


4,015 


0,263 

10,981 

29,840 

94,387 

230,829 


*  These  data  differ  somewhat  from  those  given  in  the  ^^Annuaire  des  JfifiM,  d'aprU 
U  terciee  det  jnitut. ' ' 
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FRANCE. 


Other  meiala  produced  in  France. 


Production  of 
other  metals  than 
Iron  in  France. 


Metals. 


Copper  and  brass . 
Lead  and  litharge. 

Zinc,  crade 

Nickel,  crude 

Alnmininm,  erode 


Silver,  fine. 
Gold,  fine.. 


1803. 


Tonnes. 

14,782 

23,652 

1,175 


KUo§. 
44,400 
600 


1887. 


1872. 


Tonnet. 

18,018 

27,761 

8,485 


L7 

EUot. 
41,080 
737 


Tonnet. 

21,455 

21,486 

8,245 

877 

L8 

Kilos. 
34,454 
410 


1876. 


IVmiM*. 
25,086 
27,183 


12,788 


Kiios. 
48,014 
850 


Giant  powder. 


Belatiye  explo- 
sive power  ordy- 
namite  and  gan- 
powder. 


Prodaotion  in 
Nobel  &,  Co.*s  fac- 
tories in  Ger- 
many and  Aus- 
tria. 


Relative  danger 
ofnitro-glycenno 
and  gunpowder 
works. 


As  to  spontane- 
ous decomposi- 
tion and  ignition. 


Behavioroffro- 
zen  nitro-glycer- 
ine. 


€Hant'poi€der, 

It  is  familiar  to  every  oiie  that  the  use  of  djriiamite  or 
giaiit-powder  has  increased  euormoasly  during  the  last 
years,  in  consequence  of  its  greater  explosive  power,  which 
may  be  estimated  at  from  four  to  five  times  that  of  ordinary 
black  x>owder ;  indeed,  according  to  experiments  made  by 
order  of  the  Prussian  Government,  the  relation  is  as  1  to  6.7. 
Exact  data  as  to  the  quantity  of  dynamite  used  are  not  ac- 
cessible, but  from  1875  to  1878  the  factories  of  Nobel  &  Co., 
in  Germany  and  Austria,  alone  manufactured  2,GG7  tons  a 
year  of  this  explosive,  which  is  equivalent  to  about  10,000 
tons  of  black  powder  per  annum,  which  is  not  far  from  the 
amount  of  the  latter  yearly  i)lx)duced  in  England. 

The  preparation  of  nitroglycerine  exi)losive8  has  been 
popularly  supposed  to  be  excessively  dangerous.  Figures, 
however,  would  seem  to  show  that  this  is  a  mistake,  at  least 
wlien  the  operations  are  conducted  with  skill  and  care. 
There  were  only  two  explosions  involving  loss  of  life  in  the 
German  and  Austrian  dynamite  factories  above  mentioned, 
against  twenty-four  in  England  in  the  saltpeter-powder  fac- 
tories during  an  equal  ijcriod.  A  dozen  years  or  more  of 
the  use  of  dynamite  have  also  shown  that  when  made  with 
even  moderate  care  spontaneous  decomposition  and  ignition 
do  not  take  place,  at  least  within  four  or  five  years  after  the 
material  has  been  i)repared.  Another  point  upon  which 
some  misapprehension  has  existed  is  the  behavior  of  frozen 
nitro-glycerine.  It  has  been  supposed  that  in  the  solid  state 
nitro-glycerine  and  the  explosives  of  which  it  is  the  base 
were  much  more  dangerous  and  more  easily  fired.  It  ap- 
pears to  be  true  that  cutting  frozen  nitroglycerine  with  an 
iron  tool  may  induce  an  explosion ;  it  is  said,  however,  that 
an  explosion  may  even  more  readily  be  i)roduced  by  similar 
means  at  a  temperature  exceeding  the  melting  point  of  nitro- 
glycerine (7  or  8  degrees  C).  In  experiments  made  by  ar- 
tillery ofdcers  in  Austria  it  turned  out  that  fluid  nitro-glyce- 
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rine  placed  npon  an  iron  plate  has  exploded  by  the  impact       v^^cm. 
of  a  rifle-ball  at  a  distance  of  a  thoosand  paces,  while  when 
frozen  the  distance  had  to  be  diminished  to  sixty  paces  in  ae?5i!^^^. 
order  to  produce  the  same  effect.    It  is  also  known  that^^ 
much  stronger  percussion  caps  have  io  be  used  in  firing 
cartridges  of  frozen  dynamite  than  in  those  where  the  ex- 
plosive is  in  its  normal  pasty  condition. 

Besides  samples  of  the  ordinary  preparations  of  nitro-  Dynamite-gum. 
glycerine,  there  was  exhibited  at  Paris  a  new  explosive  in- 
vented  by  Mr.  Nobel,  and  called  dynamite-gum  or  explosive- 
gum.    This  is  a  mixture  of  collodion  with  nitroglycerine    itsnatuie. 
containing  from  93  to  94  per  cent,  of  theexplosive  compound. 
The  two  substances  are  mixed  in  such  a  manner  that  the 
product  forms  a  gelatinous  solid.    In  this  new  shape  the 
nitro  glycerine  exhibits  somewhat  different  properties  from 
those  of  the  well-known  preparations.    When  not  confined — 
exploded,  for  example,  on  a  piece  of  boilerplate — the  dyaa-    Behavior, 
mitegum  produces  less  efiect  than  No.  1  giant-powder ;  on 
the  other  hand,  when  confined — as,  for  instance,  in  a  drill- 
hole— the  effect  is  50  per  cent,  greater.    The  new  explosive 
is,  furthermore,  vastly  less  sensible  to  shocks  than  other    LeasseBsibieto 
similar  mixtures.    A  chassepot  ball,  striking  the  gum  at  a 
range  of  only  25  meters,  failed  to  produce  an  explosion.    It 
is  consequently  applicable  to  the  filling  of  shells  and  to 
other  military  uses.    Furthermore,  water  has  no  effect  upon .  ^**2it  "***^ 
this  substance.    As  to  the  permanency  of  the  compound,  the 
invention  is  too  new  to  speak  with  absolute  certainty ;  but 
cartridges  kept  for  over  a  year  in  the  air  and  under  water 
show  no  sign  of  any  change. 

In  a  private  letter  the  general  manager  of  the  8oci4tS 
OSniraU  pour  la  Fabrication  de  la  Dynamite  says :  The  com- 
parative tests  which  have  been  made  on  blocks  of  lead  shown 
in  our  exhibit  gave  the  following  relations  between  the 
various  explosives  by  volume.  These  relations  may  be  re- 
garded as  those  of  the  strength  of  the  powders : 


Military  or  mining  powder 1  ]fccpIo«ive 

,-..,«,„  -     power  of  respect- 
Dynamite  No.  «S 5     Jve  powden»  etc. 

Dynamite  No.  1 7.5 

Dynamite  No.  0  (celliiloae  base) 8. 5 

Dynamite-gum 10 


Safety  apparatus.  «tuf*'*^*^^** 

There  were  various  safety  apparatus  exhibited  at  Paris, 
for  the  most  part  modifications  of  devices  already  familiar 
to  mining  men.    M.  Cousin's  apparatus,  inveiited  a  couple   Couitin. 
of  years  before  the  Exhibition,  however,  possesses  some 
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r^j^c^-      uovel  features.    The  clutch,  instead  of  acting  on  the  guides 
in  case  of  accident,  clasps  a  rope  extending  from  the  top  to 
ap^SSSSi'fo/ei^  t^^  bottom  of  the  shaft.    The  lower  end  of  this  safety  rope 
vators.  jg  fixed,  but  the  upper  end  passes  over  pulleys,  and  is  at- 

tached to  a  string  of  graduated  weights,  the  upper  one  of 
which  is  the  lightest.  Consequently,  when  the  safety  clutch 
seizes  the  rope  the  arrest  of  the  cage  is  not  instantaneous ; 
the  safety  rope  is  drawn  down  until,  one  weight  after  an- 
other being  raised  from  the  ground,  the  cage  and  its  load 

Desoription.  are  counterbalanced.  This  is  an  ingenious  const^ction, 
and  no  doubt  insures  a  gi*adual  arrest  of  the  motion  of  the 
cage,  and  prevents  the  destruction  of  guides.  Whether 
American  mining  men  will  agree  with  the  managers  of 
some  of  the  most  prominent  French  mines,  that  tbedifi&cul- 

Somewhat  com- ties  experienced  with  the  more  usual  constructions  are  suf- 
ficient  to  warrant  the  complication  involved  by  M.  Cousin's 
plan,  seems  questionable. 

Anti-overwind-     Safety  apparatus  providing  against  overwinding  are  be- 

g  appara  a.  ^»^jjj|^jg  general  in  France.  The  fundamental  idea  is  com- 
monly to  detach  the  cage  automatically  from  the  hoisting 
rope  when  it  approaches  the  sheave  dangerously.  The 
attachment  between  hoisting  rope  and  cage  is  so  constructed 
that  on  striking  a  beam,  passing  through  a  ring,  or,  prob- 
ably best  of  all,  upon  entering  a  hollow  truncated  cast-steel 

De^ption  of  cone,  the  cage  is  detached.  Its  fall  is  then  prevented  by 
tbe  action  of  the  same  apparatus  upon  which  dependence 
is  place<l  in  case  of  the  breakage  of  the  hoisting  rope. 
Provisions  against  overwinding  should  be  more  common  in 
America  than  they  are,  even  in  our  most  important  mining 
districts,  and  miners  will  readily  recall  frightful  accidents 
arising  from  the  lack  of  this  precaution. 

Special  regulations  looking  to  the  safety  of  the  miners 
exist  and  are  strictly  enforced  in  France,  as  in  all  the  great 
Annaai  Der-  European  countries.    The  number  of  accidents  however  is 
^d  wounded  by  large,  nearly  two  per  cent,  of  the  men   being  killed  or 
^  **  wounded  each  year.    More  exactly,  in  the  year  1875,  which 

was  not  an  exceptional  one,  2.0G  men  per  1,()00  employed  in 
mining  were  reported  as  killed,  and  17.73  per  1,000  as 
wounded.  The  coal-mining  interests  of  France  so  greatly 
exceed  the  rest,  that  one  might  suppose  the  accidents 
mainly  ascribable  to  the  peculiar  dangers  met  in  the  extrac- 
tion of  coal.  Such,  however,  does  not  seem  to  be  the  case. 
hiinries  from  The  iujuries  arising  from  explosions  of  fire-damp  and  as- 

fire-damp  loss  tro-  .''  ,^.-  ,. 

ouent  tiian  those  phyxia  amouut  to  ouly  8  m  10,000  coal  miners.    A  large 

majority  of  the  accidents,  especially  of  the  fatal  ones,  in  all 
classes  of  mines,  are  caused  by  the  caving  in  of  ground. 
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The  advances  in  the  art  of  mining  in  France  during  the      v^^c*- 
last  ten  years  present  no  especial  peculiarities.    Steel  cables .  improvemonts 
have  been  introduced  instead  of  iron  to  a  very  great  extent ;  ^enoh  minS.  ^ 
wooden  and  iron  guides  have  replaced  ropes  used  for  the 
same  purpose ;  the  lowering  and  hoisting  of  miners  on  the 
cage,  instead  of  the  use  of  ladders,  has  become  prevalent ; 
rotary  pumping  engines  have  been  introduced ;  safety  lamps 
have  been  improved,  but  electric  illumination  has  made 
little  progress;  ore-dressing  and  coal-washing  have  been 
greatly  developed ;  and  the  manufacture  of  artificial  fuel  has   Artificial  fuel. 
become  a  very  large  business.    In  this  last  branch  of  indus- 
try pitch  has  been  almost  altogether  substituted  for  tar, 
giving  the  advantages  of  lumps,  which  are  more  solid,  and 
burn  with  less  smell  and  less  smoke.    An  addition  has  been 
made  to  the  metallurgy  of  lead  and  silver  by  the  introduc- 
tion of  the  Luce  and  Boaan  process,  which  is  a  Pattinson  a(£"totioii  o? the 
process,  in  which  the  stirring  is  effected  by  a  jet  of  steam.  Pattinson   load 
By  this  x)i*ocess  the  complicated  mechanism  necessary  in 
what   is  called   the   mechanical    steam-pattinsouizing  is 
avoided ;  the  steam  assists  in  the  oxidation  of  impurities, 
and  the  concentration  of  the  silver  can  be  carried  somewhat 
further  than  by  the  old  method  of  manipulation.     This 
process  has  been  introduced  into  America  (at  Eureka)  and 
into  England. 

Some  general  notes  on  models.  Modeiaofminee 

'^  and  works. 

One  of  the  most  noteworthy  exhibits  of  this  kind  was  the 
model  in  wire  composed  by  La  Compagnie  des  Fonderies  et ,  La  Compagnie 

^  *^  ,  des  Fonderies  et 

Forges  de  Ten'e  Noire,  Lavoulte,  et  BessegeSy  presenting  in  Forges  de  Terre 

relief  and  at  one  view  the  form  and  features  of  the  surface 

and  the  subterranean  works  of  the  mines  at  their  proper 

relative  depths  beneath  the  surface.    The  subject  of  this 

plan  comprised  a  superficial  area  about  3  miles  long  by  2 

miles  wide,  i>erhaps  a  little  more  or  less,  beneath  which    ?i^^P^****^  ^^ 

were  represented  a  ixJrtion  of  the  underground  works  of 

the  collieries  and  iron  mines  belonging  to  the  company 

above  ground. 

This  method  consists  in  producing  the  form  of  the  8ur-^^^®jJ^j^®^- 
face  ill  equidistant  contour  lines  represented  by  wires  of 
sufficient  strength,  the  contour  in  this  instance  being  taken 
at  intervals  of  five  meters  in  vertical  distance,  and  the 
horizontal  wires  being  held  in  their  relative  position  by 
other  wires  joining  them  triinsversely  in  such  manner  as  to 
form  a  net-work  presenting  the  relief  of  the  surface. 

This  model  was  constructed  by  first  preparing  a  map  of  „j^p^^*^P****®^ 
the  surface,  on  which  the  contour  wires  were  carefully  drawn. 
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v^^cK'      Each  of  these  contoars  was  then  reproduced  in  brass  wire. 

In  order  to  place  these  contour  wires  in  their  proi)er  rellh 

Modrf^eiT^  tive  position  a  series  of  profiles  in  wood  was  employed, 

workA.  formed  of  thin  boards  set  up  vertically  and  parallel  to  each 

other,  each  cut  on  its  upper  edge  so  as  to  form  the  profile  of 
that  part  of  the  surfieuse  of  which  it  represented  a  section. 

strucOoiL*^  *^  ^®  contour  curves  in  wire  were  placed  ux)on  and  supported 

by  the  system  of  profiles,  and  after  being  adjusted  precisely 
to  their  proper  relative  position  were  joined  together  by  other 
smaller  wires,  so  placed  as  to  bind  the  net-work  firmly,  and 
at  the  same  time  to  represent  other  features  of  the  surfioM^e, 
such  as  the  crests  of  the  ridges,  the  beds  of  the  ravines, 
the  boundaries  of  properties,  the  lines  of  roads,  the  courses 
of  streams,  etc. 
J  The  surfiwe     Upou  this  uct-work  it  WHS  then  easy  to  place  the  repre- 

^y^^y  ■Tit 

seutation  on  the  desired  scale  (toW «  or  83^  feet  to  the  inch) 
of  the  principal  buildings  and  works  on  the  surface,  remov- 
ing finally  the  wooden  profiles  from  underneath,  and  sub- 
stituting for  that  means  of  support  a  sufi&cient  quantity  of 
small  uprights  of  the  desired  length,  and  at  convenient 
points. 
wOTkSi^[^^^*^  The  underground  works  of  the  mines  were  shown  in  sim- 
ilar manner.  The  various  drifts,  tunnels,  and  cross-cuts 
were  represented  by  horizontal  wires,  each  haviug  the  form 
required  to  correspond  to  the  course  and  length  of  the  work 
represented  by  it.  These  horizontal  wires  being  placed  in 
proper  relative  i>osition  beneath  the  surface  net,  were  con- 
nected with  other  wires  corresponding  to  the  shafts,  in- 
clines, winzes,  etc.,  and  other  accessory  works  of  the  mine, 
the  whole  being  also  sup|k)rted  from  below  by  uprights 
Cpio«  to  show  fixed  at  convenient  points.    Moreover,  the  surface  wires  and 

reologioal  iorm»*  *■  ' 

tion.  those  of  the  underground  works  were  made  to  show  the 

main  features  of  the  geological  formation,  by  coloring  them 
with  difierent  tints  indicating  the  various  rocks  exposed  on 
the  surface  or  traversed  by  the  mining  works  below  ground. 
ExoeiienteiTect.  The  general  efifect  of  this  method  of  representation  is  exceed- 
ingly good.  The  form  of  the  surface,  its  nature  expressed 
by  color,  and  the  relative  x)osition  of  all  the  objects  shown 
upon  it,  were  brought  out  in  bold  relief,  while  the  spaces 
between  the  wires  afibrded  a  clear  view  of  all  the  works 
*  lying  beneath. 

Modeiainpias-     There  wcrc  also  various  interesting  models  exhibited  in 

fciMs.     plaster  and  in  glass.    Some  of  the  plaster  models  were  left 

in  steps  or  terraces,  the  edges  of  which  represented  the 

contour  lines.    The  glass  models  were  made  up  of  sheets 

set  at  regulardistances.    On  each  plate  was  drawn  in  trans- 
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parent  color  a  vertical  or  horizontal  section  of  the  ground 
corresponding  to  the  scale  of  the  model. 

Algeria. 


FBAMCB. 


Algeria. 


Sixteen  mines  were  being  worked  in  Algeria  in  1876,      stattatio»  of 
besides  various  prospects.    In  1876  3,618  workmen  were 
employed  in  making  excavations  and  in  extraction  of  ore. 
The  following  table  gives  the  situation  and  production  of 
those  mines  yielding  over  5,000  tons  in  the  year  1876 : 


Algerian  minea  in  1876. 


Sitoatlon  of  the  mino. 


DBPABTMEKT  OF  ALOBR. 


Soamah 

Ooniayas 

Zaccar 

Qned  Messelmoaa. 


DEPABTICBRT  OF  OBAN. 


Benl-Saf 

BJebel  Haronarfa. 


DKPABTMEKT  OF  CONffTAlTnirB. 


Kef-Onm-Thebonl 

Tp^ftrigftf 

Aln-Morkha 


Iron-ore  minea. 
other  mines... 


Katore  of  the 
ore. 


Iron 

Iron  and  copper 

Iron 

Iron 


Iron 
Iron 


Lead. 
Lron  . 
Iron 


Is 

86 

82 

190 

222 

810 
220 

887 

107 

1,471 

2,830 
788 

8,ei8 

ii 


Sitnation  and 
prodnetion  of 
mines. 


11,086 

7,500 

40,000 

12,000 


50,000 
14,000 


12,102 

21,686 

366,446 

568,320 
17,412 

585,782 


In  1875  the  iron  mines  employed  eighteen  steam-engines,  g„j^iJ*^®"**'^ 
giving  altogether  349  horse-power;  the  other  mines,  four 
engines,  amounting  to  60  horse-power. 

Algeria  possesses  no  blast  fomaces.    The  greater  part  of  ko  biastfttma^ 
its  ores  goes  to  France.    Next  to  France,  England  buys  the  *^    -^^««™- 
largest  portion  of  iron  ores ;  then  follows  Belgium,  and 
then  the  United  States. 

The  importation  and  consumption  of  coal  for  Algeria  is    ^  importation 

and  conaomption 

seen  from  the  following :  of  ooaL 


Year. 


Imported  from^ 


England. 


1878 
1874 
1876 


IblMMt. 

64,800 
58,860 
50,450 


France. 


0,050 
18^200 
12,400 


Consumed. 


Total. 


74,840 
76,e20 
71,850 
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The  qiinDtity  of  ores  exported  from  Algeria  has  been  as 
follows,  in  tonnes  of  2,205  pounds : 


Tmr. 

'        It™. 

Copper. 

i*«a. 

Total  ote.' 

IMS 

1 

IS 

73 

Iffl 

111! 

J,S5S 

J6TI 

1878 

1S7S 

IB7* 

I     msra 

174,  W5 

304,814 

""O 

l:Ti 

S:S 

fimUatt,  or  tentba  ol 


vek^mant  o(  Uie 


*Tbe  ortgbai  it  gtren  In  fuir 
appurenl  «mT  In  lh«  lut  flgOTM 

opon  Ai-  Up  to  1S76  Algeria  escaped  the  effects  of  the  financial 
depression  prevailing  all  over  Europe.  Spain  had  for  some 
n^uT  years  been  involved  in  civil  war.  The  mines  of  Bisca; 
were  shut  down,  and  African  ores,  to  the  exclusion  of  all 
others,  supplied  the  steel  works.  But  since  that  time  two 
causes  hare  modified  the  situation — the  pacification  of  Spain 
on  the  one  hand,  and  on  the  other  development  of  the  mines 
of  the  Eastern  Pyrenees,  which  have  been  put  in  eommnnl- 
cation  with  the  sea  and  with  the  French  system  of  roads 
by  the  completion  of  the  railway  fh)m  Perpignan  to  Prades. 
This  checked  the  Algeriau  prodnction,  but  only  momenta- 
rily. The  high  qnatity  of  her  iron  ores,  better  appreciated 
every  day,  inspires  the  Algerines  with  confident  hopes. 

Guiajia. 

The  exportation  of  gold  since  1875  has  been  not  far  from 
2,000  kilos  per  year,  representing  a  value  of  6,000,000  &., 
say  (1,250,000.  These  are  the  olBcial  figures,  but  they  prob- 
ably fall  considerably  below  the  truth. 


VmCtalsdonia. 


Xew  Caledonia. 


The  geological  formations  observed  in  New  Caledonia  are 
of  a  very  complex  nature ;  but,  speaking  in  general  terms, 
it  is  easy  to  distinguish  three  distinct  geological  regions. 
mSSlt^l^  p*- First,  fragments  of  primitive  and  of  crystalline  rocks, 
which  occupy  the  extreme  northern  end  of  the  island;  sec- 
ond, serpentine  rocks  of  great  depth,  which  form,  as  it 
were,  the  skeleton  of  the  island ;  third,  metamorphic  beds 
aud  sedimentary  rocks  associated  with  melaphyres,  which 
occupy  the  west  side.  In  respect  to  the  metallic  wealtli 
which  they  contain,  each  one  of  these  regions  presents  a 
Goia  uid  onp-  gpecifti  interest.  Gold  and  copper  are  found  in  veins  tra- 
versing the  primitive  rocka  at  the  north  of  the  island,  the 
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serpeDtdnes  contaiii  an  abnndance  of  iron,  chromiam,  and      rtiAxcR. 
nickel,  and  the  sedimentary  rocks  at  the  west  inclose  coal    KewOaMUmia. 

seams.  lron,chroini. 

um*  nickel,  coaL 

It  was  at  one  time  supposed  that  New  Caledonia  would 
equal  Australia  and  New  Zealand  in  its  mineral  resources, 
but  these  hope«  have  been  for  the  most  part  disappointed. 
Some  gold  has  been  obtained,  but  the  mines  appear  to  have  Oam  and  coai 
been  abandoned,  and  it  is  said  that  in  depth  the  metal  is  not  thriven. 
replaced  by  pyrites.  The  coal  seams  are  inclined  at  a  high 
angle,  and,  so  far  as  worked,  yield  only  poor  fuel.  It  is 
doubtful  whether  they  can  ever  bo  made  to  pay. 

Thus  far  the  most  important  ores  furnished  by  New  Cale-    importanco  of 
donia  seem  to  have  been  those  of  nickel.    As  for  the  yield  *^®  ^  ^^^^  **"*" 
of  the  mines,  no  authoritative  statement  has  been  found.* 
The  New  Caledonian  nickel  industry,  however,  iiossesses 
considerable  technical  interest,  because  it  is  founded  upon 
a  new  ore,  which  is  treated  in  part  by  new  p^oce^^ses.    On 
this  account  the  following  notes,  which  have  been  taken 
mostly  from  a  paper  by  M.  Juleps  Gamier,  read  before  the   jiiie«  Gamier. 
Society  of  Civil  Engineers,  will  be  read  with  interest.    It 
will  also  not  be  amiss  to  call  the  attention  of  engineers  to 
the  possible  discovery  of  deposits  of  the  new  nickel  mineral. 

M.  Jules  Gamier  was  the  discoverer  of  a  new  nickel  ore    oarnierfte. 
in  New  Caledonia,  which  has  since  been  named  gamieriU. 
This  metal  is  a  hydrated  silicate  of  nickel  and  magnesia, 
and  occurs  in  vaiious  forms  in  seri)entine  rocks.    Its  for-,  ita  nature  and 

*■  location. 

mula  is  (MgO,NiO)  Si02+nll20.t    It  is  accompanied  by 
compounds  of  iron  and  chromium  and  cobalt  mineral. 
As  is  well  known,  the  methods  of  extracting  nickel  from  ^^  Proocse  with 

^  ^  the  nsual  nickel 

such  ores  as  have  hitherto  been  treated  consist  in  concen-  ores. 
trating  the  nickel  in  a  regulus  or  speiss,  dissolving  the 
compound  sulphide  in  acids,  precipitating  the  nickel  as  ox- 
ide, and  reducing  the  precipitate  with  carbonaceous  sub- 
stances. 
As  gamierit^  contains  no  sulphur  or  arsenic,  the  applica-    Addition  of  in. 

7  IT  i-  predienta  to  Gar> 

tion  of  ordinary  methods  to  it  involves  the  addition  of  min-  ntente  to  render 
erals  containing  those  substances  in  sufficient  quantities  to  old  prooeaa. 
take  up  the  metal.  This  mode  of  treatment  M.  Garnier 
considers  economical  under  some  circumstances  (for  highly 
ferruginous  ores  of  low  nickel  tenor),  but  under  many  con- 
ditions, and  with  a  large  proportion  of  the  ores,  it  was  very 
desirable  to  invent  a  process  less  indirect,  since  the  sulphur 

*  In  1870,  AG.\  tonnes  of  nickel  ore,  regulus,  etc.,  were  imported  into 
France.  In  1877  the  importation  rose  to  3,790  tonnes.  The  increase  is 
probably  duo,  at  least  in  great  part,  to  the  New  Caledonian  mines. 

t  According  to  M.  Gander,  Dana's  formula  differs  slightly. 
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^^^^-      and  arsenic  are  added  only  to  be  again  separated  firom  the 

A^Mc  Caledonia,  nickel. 

oarnierite:  an     M.  Oarnier  has  made  numerous  experiments  with  a  view 
ore  o  n  c  e .      ^  dcvisiug  such  a  proccss.    The  direct  application  of  acids 

to  the  ore  is  inefifectual,  since  iron  and  nickel  are  not  sepa- 
rated thereby.  Experiments  were  also  made  upon  the  frac- 
tional reduction  of  the  ore.  The  reduction  was  undertaken 
at  a  low  temperature,  at  which  it  was  supposed  that  nickel 
might  be  reduced,  while  the  iron,  or  the  greater  part  of  it, 
would  remain  in  an  oxidized  condition.  This  also  proved 
impracticable,  in  part  on  account  of  the  highly  divided  con- 
dition of  the  reduced  nickel. 
New  process.  Finally,  M.  Gamier  made  experiments,  and  this  time  suc- 
cessfully, in  the  direct  reduction  of  the  ores  in  such  a  man- 
ner as  to  produce  a  pig-iron  containing  large  quantities  of 
Ferro-nickeL  nickcl — a  metal  which  may  be  called  ferro-nickeL  This 
process  is  carried  out  in  a  cupola  furnace  of  about  four  me- 
ters in  height,  with  cold  blast  at  low  pressure.  CTnder  these 
conditions,  and  with  the  proper  smelting  mixture,  only  a 
portion  of  the  iron  is  reducetl ;  the  remainder  goes  into  the 
slags,  unaccompanied  by  nickel,  and  of  course  greatly  in- 
creases its  fusibility.  When,  as  is  sometimes  the  case,  the 
ore  contains  only  a  small  amount  of  iron,  an  addition  of 
some  ferruginous  mineral  must  be  made.  *The  following  are 
ro^iokoiT**^^*^  analyses  of  8ome  of  the  ferro-nickels  produced  from  an  ore 

containing  about  equal  quantities  of  iron  and  nickel : 

Ift)n 46.55  41.30  38.70 

Nickel £0.91  54.25  59.09 

Carbon...., 3.04  4.45  2.30 

A  complete  analysis  gave : 

Nickel e0.90 

Iron 33.35 

Silicon 0.85 

Carbon 3.90 

99.00 

As  might  be  expected,  the  double  carbide  of  iron  and 
nickel  is  more  fusible  than  the  carbide  of  either  metal  by 
itself, 
chjttjscter  of     Ferro-nickel  possesses  great  malleability,  is  easily  worked 
under  the  file,  takes  a  high  polish,  and  shows  a  fine  grained 
or  foliating  fracture.    A  large  proportion  of  the  nickel  em- 
its use.  ployed  is  used  in  the  manufacture  of  German  silver  and 
other  alloys  of  copper  and  nickel,  bearing  in  trade  a  variety 
cop^'suoy*^^*^'  ^^  n^^mes,  such  as  argentan,  alfenide,  etc.    German-silver 

founders  prefer  to  purchase  their  nickel  already  alloyed 
with  a  certain  amount  of  copper.    To  satisfy  this  demand 
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FRAXCK. 


Refining. 


the  ferro-iiickel  is  refined  in  a  reverberatory  furnace  in  the 

presence  of  copper,  which,  perhaps,  also  tends  to  preserve  ^ew  caicdonia. 

the  nickel  from  oxidation.    The  refining  of  the  ferronickel    Ferro-Dickei. 

proceeds  similarly  to  that  of  pig-iron,  silicon  oxidizing  first 

of  all,  and  the  oxidation  of  the  carbon  soon  manifesting 

itself  by  the  boiling  of  the  liquid  mass  and  the  ejection  of 

carbonic  oxide. 

Oxide  of  manganese  and  other  substances  of  a  similar 
tendency  are  added  to  hasten  the  oxidation,  and,  when  nec- 
essary, silicious  fluxes  to  take  up  the  oxide  of  iron  formed. 
The  character  of  the  residual  alloy  is  determined  from  time 
to  time  by  testing:  samples,  and  when  the  desired  point  is 
reached  the  metal  is  cast.  If  i)ure  nickel  instead  of  an 
alloy  is  desired,  the  process  is  similar,  except  in  regard  to 
the  addition  of  copper. 

M.  Garnier  is  now  engaged  in  the  attempt  to  produce        ProdactioD 
technically  useful  alloys  of  iron  and  nickel.    The  somewhat  niokcuiioys. 
discordant  results  which  chemists  and  metallurgists  have 
hitherto  attained  in  experiments  on  this  subject  M.  Gar- 
nier ascribes  to  the  great  sensitiveness  of  nickel  to  the  pres- 
ence of  a  variety  of  foreign  substances.    The  study  of  the 
effect  of  impurities  upon  the  metal  will  no  doubt  lead  to  a 
knowledge  of  the  processes  necessary  to  eliminate  them. 
13  p  E ^VOL  4 
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GRKAT  BHlTADf.  GREAT   BEITAIN. 

THE  BRITISH  EXHIBIT. 

The  period     TLe  period  wLich  has  elapsed  siuce  the  American  Exhibi- 

1876-78   not    fji-    .         ,    '^  _  _  ,,  «  ,        .  ,         . 

vorabie  for  im-  tioii  has  oot  been  a  favorable  one  for  the  lutrodnction  of 
miniuK  and  m«^  era-marking  improvements  in  mining  or  metallargicalopera- 
^^^^'  tions.     The  prolonged  depression  of  basiness,  the  often 

short-sighted  discontent  of  the  laboring  classes,  and  the 
pressure  of  foreign  competition  have  forced  those  inter- 
ested in  such  undertakings  rather  to  endeavor  by  strict  at- 
tention to  economy  in  detail  to  keep  already  invested  capi- 
tal intact  than  to  embark  in  new  schemes.  While,  there- 
fore, the  British  exhibit  had  much  to  offer  which  was  of 
importance  to  professional  engineers,  there  was  little  within 
the  scope  of  this  report  to  excite  unprofessional  attention. 
Many  exhibits  in  Claras  43  were,  as  it  seemed,  unnecessarily 
uninteresting.  An  array  of  samples  of  metal,  grouped  un- 
der the  name  of  the  manufacturers,  showing  firactures,  or 
twisted  to  show  toughness,  is  not  indeed  without  its  value; 
but  it  is  certainly  desirable  that  something  more  should  be 
shown — samples  of  the  metal  in  different  stages  of  prepara- 
tion and  manufacture,  models  and  drawings  of  apparatus. 
Good  pioducts  and  the  like.  Exhibitors  interrogated  on  this  point  Kome- 
j»«ui» withheld,  timcs  auswcr :  "We  come  to  show  our  wares,  not  to  teach 

others  how  to  compete  with  us.''  But  an  international  ex- 
hibition is  not  simply  a  gigantic  advertising  establishment ; 
and  even  from  the  merely  commercial  point  of  view  greater 
liberality  in  this  direction  is  desirable  than  was  shown  by 
English  exhibitors.  It  would  be  a  strange  mine  that  could 
show  no  fine  sami>les  of  ore,  a  remarkable  metal  works 
which  was  unable  to  produce  some  bars  it  was  not  ashamed 
to  exhibit.  But  those  who  have  orders  to  give  desire  some- 
•vaiu«oif*tbe*^  thing  morc  than  this.  They  want  evidences  that  they  can 
^utauou  obtained,  ^^p^^^^  ^^  receiving  uniformly  good  value.    More  ample 

exhibit^s  tend  strongly  in  this  direction.    Nor  is  the  reputa- 
tion of  any  establishment  so  high  th<at  it  cannot  bo  raised. 
T<>  go  outside  of  the  range  of  this  report  for  an  illustriation, 
»werkik°***  *^^  ^^®  Creusot  steel  works  has  long  enjoyed  a  high  reputation; 

its  exhibit  in  Paris  was  hanlly  characterized  by  novelty, 
but  the  effect  of  the  admirable  workmanship  shown,  com- 
bined witli  that  of  the  models  and  drawings  of  apparatus, 
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mills,  dwellings  for  workmen,  schools,  etc.,  was  such  as  "MtAx  Britain. 
probably  to  raise  the  works  in  the  estimation  of  every  vis-     creuaot  steci 
itor  to  its  display,  which  was  as  crowded  as  the  fine  arts 
department.    The  fear  of  assisting  competitors,  too,  is  quite 
illusory.    The  history  of  modern  technology  teaches  nothing 
more  certainly  than  that  the  interchange  of  information  is 
a  mutual  benefit.    Mr.  Bell  is  not  less  successful  as  an  iron-  ^^^  ^  Lowthian 
master  because,  at  the  cost  of  immense  labor  and  expense, 
he  has  taught  the  world  so  much  about  iron-smelting;  and 
he  would  be  the  first  to  acknowledge  the  assistance  he  has 
received  from  others. 
In  view  of  the  absence  of  novelties  of  such  a  character  .,3^«li5l.*^?« 

tiior  proposes  to 

that  their  description  does  not  seem  more  in  place  in  a  tech-  ^*^*^*J^  ^^reat 
nical  journal  than  in  a  government  report,  it  appears  to  me  Britain, 
that  the  purposes  of  this  publication,  so  far  as  Great  Brit- 
ain is  concerned,  will  best  be  fulfilled  by  presenting  a  sketch 
of  the  recent  growth  and  present  condition  of  the  mineral 
industry  of  that  country.  Information  on  this  subject  is 
constantly  published,  but  commonly  in  so  fragmentary  a 
form  that  few  of  those  most  interested  have  leisure  to  piece 
the  scraps  into  any  consistent  shape,  important  though  it 
certainly  is  for  each  man  engaged  in  mining  or  metal  work- 
ing to  acquaint  himself  with  the  dangers  to  which  the  in- 
dustry has  been  exposed,  the  tendencies  it  has  exhibited, 
and,  as  far  as  may  be,  with  the  probabilities  it  oflfers.  The 
following  pages  make  no  pretense  of  offering  more  than  a 
sketch  of  the  subject,  although  the  labor  of  producing  them 
is  scarcely  measured  by  their  number. 

Statistical  review  of  the  mineral  industry  of  the  United  King-     statistical  re. 
dom  for  the  years  18C0,  18G5,  1870,  and  each  year  since,      industry o?G^t 

Britain. 

One  of  the  most  important  of  the  questions  which  are 
suggested  by  an  international  exhibition  is:  "Where  do 
the  ores,  metJils,  and  coal  come  from,  and  where  do  they  go 
to!"  An  answer  to  this  question,  so  far  as  the  United ^^» to^'^^j^oj^ 
Kingdom  is  concerned,  goes  very  far  towards  forming  i**  ^^Jo^i^ctg  ™*°^™^ 
reply  to  the  inquiry  in  its  most  general  form,  and  cannot 
fail  to  be  of  interest  and  value  to  those  who  have  to  do  with 
the  pnxlucts  of  mineral  industries,  whether  as  producers, 
consumers,  or  traders.  Mining  and  metallurgical  industries 
are,  like  others,  \e>vy  sensitive  to  disturbances  arising  from 
temporary  causes,  and  a  statement  of  their  condition  at  any 
one  period  of  time  may  consequently  prove  misleading.  A 
systematic  statement  for  a  series  of  years,  on  the  other 
hand,  will  exhibit  the  eflects  of  temporary  conditions,  with- 
out obscuring  the  tendencies  of  the  time,  and  assist  the 
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GREAT  DRiTALv.  iudgipent  111  estimating  the  probabUities  for  the  future.  In 
the  following  pages  I  have  endeavored  to  give,  in  the  most 
condensed  form,  a  review  of  the  mining  industry  and  com- 
merce of  Great  Britain  for  the  yeiirs  1860,  1865, 1870,  and 
each  year  since,  drawing  the  material  for  my  data  mainly 
n.  Hunt/' Min- from  the  yeariy  memoirs  of  Mr.  E.  Hunt,  entitled  "  Mineral 
"Econofe^  of  the  United  Kingdom,''  and  from  "The  Econo- 

mist.'' 

The  market  price  of  commodities  regulates  both  the  con- 
sumption and  the  production,  for  the  price  determines  the  con- 
ditions under  which  profit  is  possible,  either  to  the  consumer 
or  the  producer.  No  discussion  of  the  mineral  industry  is, 
therefore,  of  much  value  in  which  this  all-important  factor 
EDgiond  the  is  lost  sight  of.     England,  moreover,  is  the  great  metal 

great  metal  mar-  07  70 

ketofthewoiid.  market  of  the  world,  and  English  prices  of  metals  control 

those  obtainable  at  all  commercial  centers.    The  prices  in 

London  are  consequently  of  great  general  importance,  and 

Table  I  (page  ^rc  givcu  for  the  series  of  years  under  discussion  in  Table 

"^liindon  prices  ^'    ^  cliaugc  iu  priccs  iudic^tcs,  of  course,  a  change  in  the 

of  metals.  reUitioiis  of  supply  and  demand,  but  no  invariable  inference 

is  to  be  drawn  from  it  as  to  the  prosperity  of  the  industry 
productively  concerned.    The  price  of  a  metal  may  fall  in 

raiiaesofflactu-  cousequeuce  of  improvements  in  processes,  such  as  followed 

atioQ8  in  urices  i 

the  inventions  of  Bessemer  and  Siemens  in  steel  making. 
Steel  used  to  cost  in  England  from  $200  to  $300  per  ton,  accord- 
ing to  quality,  when  nearly  all  of  this  metal  was  produced 
cen^i^^^^  ^"^  ^^y  ^^^  blister-steel  process,  followed  by  remelting  in  cruci- 
bles ;  but  steel  rails  were  sold  in  November,  1878,  at  less  than 
£7  ($34)  per  ton,  delivered.    Discoveries  of  new  sources  of 
xewRourccs  of  supply,  such  as  the  Australian  tin  fields,  may  also  bring 
Bupp  \.  down  the  price.    The  market,  however,  may  also  decline  in 

DiRturhances  consequeucc  of  disturbauccs  in  consumption,  and  a  decrease 
and  tf?ncmi  pi-i?°  of  general  prosperity,  as  has  lately  been  the  case.  On  the 
vcnty.  other  hand,  a  rise  in  price  may  originate  in  a  diminishing  sup- 

DiminisWng  ply,  as  has  bceu  the  case  at  times  >vith  tin  and  graphite, 
""^i't^w  appiicaor  in  new  applications  (nickel  plating),  or  in  a  sudden 

increase  of  consumption,   based  rather  upon   hope   than 

upon  that  normal  development  of  civilization  with  wliich 

the  mining  industry  might  keep  pace.    Iron  of  an  ordinary 

Ordinary  iron  quulitv  is  the  mctal  most  affectcd  by  the  inflation  or  depres- 

thoraostauctuat-    .  \  ,    ..  x  •        i.  -x       <..  11 

ing  in  price.       siou  of  spcculativc  enterprise,  because  it  enters  more  largely 

than  other  metals  into  the  constniction  of  railwf^s,  stream- 
8hii)S,  <and  the  like.  Cleveland  pig  iron  at  the  works  was 
worth,  in  1871,  £2  9«.  Gd.  ($12.03).  In  Febniarj-,  1873,  it 
vosQ  to  £0  78.  Od.  ($31).    At  the  close  of  the  year  1877  it 
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was  worth  only  £2  4«.  6d.  ($10.81),  and  it  has  recently-  been  omtAx  dkitaix 
quoted  at  considerably  below  £2.    Lead,  in  the  mean  time, 
has  vaiied  less  than  30  per  cent,  of  its  lowest  value. 

The  tendency  of  the  prices  of  metals  and  minei*als  it  is 
scarcely  possible  to  discuss  from  a  general  point  of  view 
with  profit,  because  the  price  is  dependent  upon  so  many 
lactors;  among  others,  the  prosperity  of  one  branch  of  min- 
eral industry,  viz,  gold  mining.    The  more  largely  the  cost   caiwes  of  flue 
of  manipulation  enters  into  the  value  of  a  metal,  the  greater  of  minerals. 
will  be  the  downward  tendency  of  the  price,  because  "  im- 
proved'^ processes  means  "cheai>er"  processes.    Contrast 
with  the  variation  in  the  price  of  steel  mentioned  above  that 
of  coal,  which  was  cheaper  in  18G0  than  in  1878,  the  increased    Coai. 
depth  of  the  pits  and  the  higher  wages  having  more  than  offset 
the  improvements  in  coal-cutting  machinery,  etc.    It  cannot 
be  doubted  that  in  the  ca*^e  of  copper,  too,  the  development   copper, 
of  the  extraction  of  metal  from  "burnt  pyrites''  has  had 
a  considerable  effect  upon  the  price.    The  lluctuations  in  the 
price  of  silver  have  been  volumiuously  discussed  of  late,    su^er. 
The  broad  facts  of  the  case  seem  to  be  that,  in  view  of  the  im- 
mense production,  it  became  manifestly  impossible  to  main- 
tain a  definite  relation  of  value  between  the  pi*ecious  met- 
als; that  thereupon  gold  was  adopted  as  a  standard  by 
Germany  and  the  United  States,  and  the  coinage  of  sil-  gtanJa^™***^^^ 
ver  liiiiited  by  the  Latin  Union.    The  abandonment  in  so 
great  a  measure  of  the  principal  use  of  silver,  together  with 
new  discoveries,  depressed  the  market  violently,  and  would 
have  done  so  still  more  had  not  the  absorption  of  silver  in  tiJn  ofTu??J?*^^ 
the  East  increased.    It  is  significant  of  the  fact  that  .silver 
has  depreciated  instead  of  gold  appreciating,  as  some  have 
maintained,  that  the  East  has  absorbed  silver  in  direct  ratio 
to  the  depreciation,  as  might  have  been  the  case  with  any 
other  commodity.    Silver,  as  is  well  known,  is  circulated 
in  the  East  in  great  part  not  by  count,  but  by  weight  and 
fineness,  like  other  merchandise.    While  all  the  metals  are    with  cheaper 

mct&Is        WAffeB 

at  lower  rates  than  in  1860,  wages  have  not  receded  to  old  bavonot  receded 

»xjj'-r>i        xTk-1.'  to  old  standard. 

standards  in  Oreat  Britain. 

Wages  cf  average  miners  in  Scotland,  MiDcra*  wage«L 

in  Scotland,  18oji- 

1877 

"  Economist,"  March  9,  1878. 

«.  d. 

1858 3  0 

1868 3  9 

1873 8  6 

1877 4  3 
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(jBi^AT  BarT«m.      Tfajg  jg  in  part  attribatabl«  to  the  higher  price  of  the 
iiece8Sariesot'life,*broaghtfivmcoDstaDtlyuicrea8iDgdiBtan' 
ces,  aud  in  part  to  the  difficulty  the  workmen  experience  in 
retnrning  to  the  more  penurious  habits  of  tbeii  predecesors. 
TabiB  I  (i«ge     Table  I  shows  the  average  price  of  common  metals  and 
Lond™  prieesof  coal  III  England  for  the  series  of  years  under  discussion, 
the  same  being  obtained  from  the  average  price  of  each 
Table  n  <pii){e  work.     In  Table  H  the  same  prices  are  converted  into 
LoDdon  prices  American  money.    In  these  tables  the  miner  or  metal  mer- 
IUOQIJ-.  chant  will  read  a  record  of  technical  improvementa,  dis- 

coveries of  ores,  political  convulsions,  legislative  experi- 
ments, of  wild  hopes  aud  desperate  panic,  such  as  could  in 
no  other  way  be  set  before  him  in  the  same  space.  Canses 
for  some  of  the  fluctuations  have  aheady  been  indicated, 
and  reasons  for  others  may  appear  later. 
^jj''''"ni(p»ge  Table  III  exhibits  the  quantities  of  the  several  metals  Mid 
iTwioodMi  of  minerals  produced  iu  Great  Britain  for  each  year.     The 

mlnrnls  In  Great  *  ' 

BriuiB.  amount  of  copperproducedfitim  British  ores,  it  will  be  seen, 

lopi^*''"'  *"  '^  decidedly  decreasing.  Tin,  while  it  has  undergone  some- 
what violent  fluctuations  in  quantity,  maintains  itself  tol- 
siivCTatoUOTiw^-! ^rahlj,  in  spite  of  the  great  reduction  in  price  since  the 
opening  of  the  Australian  mines.  The  quantity  of  lead  pro- 
duced iu  the  years  1860,  1872,  and  1877  differs  bat  Uttle. 
Silver  follows  lead  very  closely,  as  would  be  expected,  since 
the  silver  extracted  in  Great  Britain  from  native  ores  is 
almost  exclusively  obtained  from  lead. 

The  same  quantities  of  different  metals  correspond  to 
verj'  different  quantities  of  ore ;  the  relatione,  however,  are 
so  nearly  constant  that  it  would  be  scarcely  worth  while 
to  give  the  variations  A-om  year  to  year.  Minlngmen  m^, 
nevertheless,  be  interested  in  knowing  approximately  the 
relations  prevailing  at  British  mines. 

ifelallio  eontenU  aj  £ri(i«A  err*,  t 
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•From  1845-'50  (6  yearB),  wheat  aTeragedeSt.  ftqaarter,  and  b«ef  of 
iaforior  quality  vas  4}  to  4^  per  lb.  In  1877  wheat  waa  57i.,  and  beef 
H  to  61<J.     IWl. 

t  "Mineral  StittiBticB,"iu  part  b;  calculstiou. 
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The  rise  iti  the  percentage  of  metal  in  the  "black  thi?'  is  qreat muTAiy. 
no  donbt  due  to  increased  care  in  the  concentration  so  ini-  ^  causea  of  flue- 

.  ,       .  m«  .  .        *  1      •       1     tuationa  in    prti- 

i>ortant  with  tm-stone.    The  zinc  ore  is  almost  exclusively  ductiun  of  metai 

.    per  piven   (^qoxi 

"  black  jack."  The  diminished  percentage  of  the  iron  ore  is  tity  of  ore. 
due  to  the  increase  of  the  proportion  of  British  iron  pro- 
duced from  the  argillaceous  carbonate  of  the  Middlesborough  The  Cleveland 
district,  which  is  low  in  grade.*  In  1S70  the  North  Eiding 
of  Yorkshire  and  the  county  Durham  produced  26^  per 
cent,  of  the  total  iron  smelted  in  the  United  Kingdom.  In 
1875  this  district  produced  nearly  32  i)er  cent. 

Table  III  gives  the  metals  produced  from  British  ores  ex-  ^  Table  in  (page 
clusively,  except  in  the  case  of  iron,  the  figures  for  which  in- ' 
elude  the  pig  produced  from  imported  iron  ores  and  "  pur-    Prodnctton  of 

,  .,  /.,  .,  .  native    mineralH 

pie'   ores,    the  residue   of   the  pyrites-burning   i)rocess.  pIub     imported 

,  ,  ,  .,_  _  _.    iron  orea. 

The  quantity  of  imi)orted  iron  ore  will  appear  later.  It 
amounts  to  less  than  10  per  cent,  of  the  ore  smelted.  As 
the  residue  of  the  pyrites-burning  alter  extraction  of  cop- 
per is  used  as  an  ore,  both  in  the  blast  furnace  and  as 
**fettling,"  its  composition  may,  perhaps,  be  more  appro- 
priately' given  here  than  later.  Mr.  F.  Claudet  found  in 
"purple  ore'' — 

Ferric  oxide 96. 00=C7  per  ceut.  iron.     Composition  of 

Lead  (as  sulphate) 75  ISS  iJIJuTt  ofTv- 

Copper 20  rites  baming 

Sulphur 36 

Lime 40 

lusolublo 2. 11 

Phosphorus uone 

Soda. 10 

Total 99.92 

The  amount  of  iron  produced  in  1877  was  within  about  2    Comparison  of 

.  prucluction    and 

per  cent,  of  the  maximum  production  in  1872.   Taken  in  con-  vnccn  of  iron  m 
nection  with  the  table  of  prices,  this  fact  affords  a  remarka- 
ble example  of  the  extent  to  which  the  consumption  of  a 
metal  can  be  stimulated  by  reduction  in  price.    The  year 
1877  was  assuredly  not  marked  by  enterprisi*,  especially  of 
the  character  which  signalized  the  period  of  inflation,  and 
yet  nearly  as  much  iron  was  consumed.    It  would  be  inter- 
esting to  trace  the  details  of  this  consumption  were  this  the 
place  for  it.    The  production  of  zinc  has  increased  greatly,    increaa^  nro- 
and  was  scarcely  checked  by  the  panic  of  1873.    The  same  salt,  Sa  ciay. 
remark  applies  to  salt  and  clay,  especially  the  latter,  which 
is  about  six  times  what  it  was  in  18(K)     The  quantity  of 
pyrites  mined  has  fallen  oflF,  but  the  decrease  has  been  far 

*  Typical  Cleveland  iron  stone  contains  30  per  cent.  iron.    See  Bell, 
"Chemical  Phenomena  of  iron  Smelting,"  x>'  4. 
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(iBKAT  MRiTAix.  moro  than  compeusated  by  increased  importation.    The  out- 

immenrto  out-  put  of  coal  IS  astouudiug  aud  highly  indicative  particularly 

pu  o  coa .        ^yii^Q  j^  13  remembered  that  as  improvements  in  the  economy 

of  fuel  are  constantly  being  made,  the  effective  application 

of  heat  increases  in  a  still  greater  ratio  than  the  quantity  of 

coal  mined.    According  to  Siemens,  the  annual  improve- 

Value  of  annual  uicut  iu  the  ccouomy  of  fucl  is  equivalent  to  about  4  per 

methSde^rJcon"  ccut.  of  the  consumptiou.    At  present  about  90  per  cent  of 

omizing  fuel.      ^  y^^  f^^y  jg  ineffectually  consumed  or  wasted.    TJie  output  of 

coal  was  diminished  by  the  panic  only  for  a  single  year,  and 

in  1877  was  about  7,600,000  tons  greater  than  in  1873. 

Table  IV  (pago     Table  lY,  the  value  of  the  metals  and  minerals  produced 

*^viiueof annual  in  the  United  Kingdom,  is  compiled  from  the  yearly  issues 

!SSX  tho  of  the ''  Mineral  Statistics."   It  is  difficult  to  understand  pre- 

united  Kingdom,  ^jygjylj^^  ^^^  itcms  havc  bccu  estimated.    The  value  of 

any  metal  produced  in  any  year  would  seem  to  be  the  quan- 
tity produced  multiplied  by  the  market  price,  and  this  view 
is  borne  out  by  many  phrases  in  the  ^'  Mineral  Statistics,'^ 
and  by  the  coincidence  of  the  values  there  assigned,  in  a 
large  proportion  of  cases,  with  the  values  arrived  at  by  the 
method  of  calculation  indicated.  In  a  hirge  number  of  cases, 
however,  the  values  given  differ  from  the  product  of  the 
amount  produced  into  the  market  price.    Thus,  while  the 
Diacrcnanciea  valuc  of  the  pig-irou  i)roduced  in  1870  and  1871  is  the  same 
Hoitaoftbo  price  which  rcsults  from  multiplying  the  total  product  by  the 
the  abatement °of  average  market  price  of  Cleveland  pig  at  the  Tyne  or  Tees 
value  o  p    uct.  ^^^  ^^^^  ^^  thcsc  ycars,  the  value  of  the  pig-iron  produced 

in  1873  corresponds  to  an  average  value  per  ton  of  only 
£2 15«.,  which  is  £1 15».  below  the  lowest  price  paid  in  En- 
gland for  the  cheapest  iron  in  the  district  where  it  was  pro- 
duced in  that  year,  and  £3  below  the  average  price  of  the  same 
iron.  In  reply  to  an  inquiry,  Mr.  Hunt  writes :  "I  must  beg 
you  to  observe  that  the  mean  price  of  Clevelaud  pig,  which 
you  quote,  is  from  the  ^Market  Prices  of  Pig-Iron,'  whereas, 
the  value  giv^en  in  the  introduction  is  an  estimate  of  the 
value  at  the  place  of  production,  determined  by  private  in- 
quiry.'' But  as  the  market  prices  are  given  "at  works,''  or 
for  the  immediate  neighborhood  of  the  works,  this  explana- 
tion does  not  appear  to  me  entirely  satisfactory.  It  is  im- 
possible to  suppose,  in  view  of  the  phraseology  and  of  many 
explanations  in  the  "Mineral  Statistics,"  that  by  "value" is 
meant  "cost  of  production."* 

*In  the  "Mineral  Statistics"  for  1870  Mr.  Huntsaysof  tlicprodactof 
pig-iroiiy  '^This  quantity,  estimated  at  the  mean  average  price  at  the 
place  of  prodoction,  wonld  have  a  value  of"  so  and  so,  which  value  is 
adopted  in  the  general  saininary  aud  corresponds  to  the  market  price 
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For  the  j^ears  1872-1876,  both  inclusive,  the  value  of  pig-  qhbat  bicitain. 
iron  is  uniformly  estimated  at  a  price  below  the  average 
price  of  Cleveland  pig.  The  values  of  the  other  metals  and 
minerals  correspond  more  closely  with  the  market  prices, 
though  some  not  inconsiderable  variations  are  observable. 
Thus,  the  value  of  the  copper  product  for  1870  answers  to  a ^^  theubfe^'*^**" 
price  per  ton  which  is  over  £4  higher  than  the  average  price 
of  best  selected  copper  for  that  year.  Of  course  the  sums 
total  are  proportionately  affected.  That  for  1870  contains 
a  further  error,  and  should,  apparently,  read  £47,946,300. 
The  price  of  coal  is  assumed  at  from  5«.  to  7^.  6d. 

Importation^  exportation^   and  consumption  of  metaU  ^^^  expoiSS?OT* wn- 

minerals.  sumption  of  min- 

erals and  metals. 

The  United  Eangdom  neither  supplies  its  own  smelters 
with  all  the  ores  they  requure  nor  its  native  consumers  with 
the  needful  quantity  of  every  metal.  Great  Britain,  more- 
over, exports  enormous  quantities  of  metals  and  minemls  to 
other  countries.  The  importation,  exportation,  and  con- 
sumption of  the  products  of  mining  industry  are  so  closely 
connected  that  it  seems  best  to  discuss  them  together  and 
metal  by  metal,  reserving  for  the  present  the  subject  of  the 
sources  of  supply  and  the  distribution  of  the  material 
handled.    The  necessary  facts  ibr  this  discussion  are  not,  in  « 

all  cases,  directly  obtainable.  Estimates,  however,  where 
unavoidable,  have  been  made  on  assumptions  which  will  be 
explained  as  the  cases  arise,  and  which  it  is  hoped  will  ap- 
prove themselves  to  the  judgment  of  the  reader. 

The  ''consumption''  of  the  metals  and  minerals  is  as-     Mode  of  osti. 

mating  oonsnmp- 

sumed,  (or  the  pui*poses  of  this  paper,  to  be  the  amount  re-tion: 
tained  in  the  country  each  year.    The  quantity  retained  is 
found  by  adding  the  importation  to  the  production  and  sub-  *^Qctton  ^  tad 
tracting  the  exportation.    Of  course  it  is  not  true  that  the  importation  mi- 

.       ,  ,  -1.1  '*"■  ^^^  oxporta- 

amount  retained  each  year  is  consumed  in  that  year.    A  tion. 

portion  is,  no  doubt,  usually  stored,  either  for  future  use  or 

exportation.    For  a  series  of  years,  however,  it  must  be 

true  that  what  is  retained  is  consumed,  and  no  other  method 

of  ascertaining  the  yearly  consumption  presents  itself.  The 

merely  general  correctness  of  the  method  will  explain  some 

of  the  fluctuations  which  will  here  and  there  be  noticed. 

Doubtless  many  men  of  long  experience  in  metallic  com-  goapJ^JS"*  the 

merce  will  recognize  in  some  of  these  fluctuations  periods  Jjj**^***    *^'** 

when  stock  was  allowed  to  accumulate  on  account  of  the 


and  value.  The  same  remark  oud  treatment  is  repeated  in  1871.  After 
this  date  I  find  no  explanation  of  the  method  of  arriving  at  the  '*  valne  " 
given  in  the  snmmary. 
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GKEATBBiTAiH.  uiiremunerative  conditioD  of  the  market,  or  when  the  state 
of  affairs  Boemed  to  justify  the  policy  of  ^^  holding  for  a 
rise."  It  is,  however,  foreign  to  the  purposes  of  this  x>£Lper 
to  enter  into  any  description  of  these  exciting  phases  of  the 

importainboth  history  of  couimerce.    The  metal  imported  into  Great  Brit- 

tho  oro  and  mo-  "^  *^ 

tauicfonna.  ain  is  partly  in  metallic  form  and  partly  in  the  ore.  In 
most  cases  the  metallic  contents  of  the  imported  ores  is  not 
published,  but  simply  the  quantity  of  ore,  or  its  quantity 
and  value.  For  the  object  of  this  discussion,  however,  it  is 
essential  to  have  an  estimate  of  the  quantity  of  metal  con- 
tained in  imported  ore.  Where  the  value  of  this  ore  is 
Mode  of  e«u-  kuowu  I  havc  supposcd  the  relation  of  its  metallic  contents 

metairnimported  to  its  valuc  to  be  the  samc  as  in  the  case  of  ores  of  British 

production.  A  rule-of-three  calculation  thus  gives  the  de- 
sired datum.  This  is  not  strictly  accurate,  because  in  many 
cases  an  extra  price  is  paid  for  the  superior  quality  or  pur- 
ity of  foreign  ores.  The  influence  of  this  disturbing  factor 
must,  however,  be  very  small.  In  the  comparatively  few 
cases  where  only  the  weight  of  the  imported  ores  is  known, 
I  have  been  obliged  to  assume  their  metallic  contents  to  be 
near  about,  but  a  little  higher,  than  that  of  British  ores  ex- 
importauon.  tractcd  in  the  same  year.    The  importation  of  metal,  the 

oo£?iimpUon'^f  metallic  contents  of  imported  ore  as  estimated,  tlie  expor- 

minoraiB.  tatiou,  and  the  quantity  retained  in  the  country  are  given 

^jabie  v  (pase^.^j.  ^^^  ^^^^^  ^^^  mineral  in  Table  V. 

Tin.  Tin. — ^The  world's  production  and  consumption  of  tin 

have  greatly  increased  within  the  period  of  time  under  dis- 
Bimtonmi865.  cussion.  The  outx)ut  of  Billiton  iirst  amounted  to  1,000 
tons  in  1865,  and  the  Australian  mines  only  became  impor- 
'  tant  in  1873.  The  consumption  (for  example,  in  the  form  of 
"tin"  plate  in  the  canning  of  food)  has  grown  proportion- 
ately, notwithstanding  the  various  devices,  to  which  the 
great  fluctuations  in  the  price  of  this  metal  have  given  rise, 
Cheap  tin-plate,  for  making  a  pound  of  tin  cover  a  greater  and  greater  sur- 
face of  u-on.  Except  in  the  years  1873  and  1874,  after  the 
opening  of  the  mines  in  Australia  and  before  the  ei*ection 
of  smelting  works  there,  the  amount  of  tin  ore  imported 
into  Great  Britain  has  been  small.  In  the  mineral  statistics 
for  1860  and  1865  only  the  quantity  of  imported  ore  is  given. 
The  metaUic  contents  are  taken  at  64  and  65  i>er  cent. ;  that  of 
British  ore  being  somewhat  less.  For  the  remaining  years 
the  contents  are  calculated  from  the  value.  The  latter  method 
would  also  lead  to  the  conclusion  that  the  ore  contained 
about  65  per  cent,  of  tin,  so  that  there  can  be  no  consider- 
Large  exporta-  able  crror  in  the  estimate.  The  exportation  of  tin  is  very 
large  for  the  years  1874, 1876,  and  1877,  larger  than  the  pro- 
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ductiou  from  home  resources.    The  cousamptiou  has  ex-  gmat  britalx. 
ceeded  the  productiou  ever  since  1870,  and  Great  Britain ,    Tin. 
which  used  to  supply  the  world  with  tin,  is  now  unable  to  ^^^^Jf^  *^^^' 
meet  her  own  demands,  so  much  have  these  increased. 

Copper. — As  is  well  known,  immense  quantities  both  of   c^^pp^- 
metallic  copper  and  of  copper  ores  are  imported  into  Great 
Britain.    In  1860  the  amount  of  this  metal  produced  in  the  reStoi'Sf^u^ 
kingdom  was  slightly  in  excess  of  the  metallic  copper  im-  f™"^Sopper! 
l)orted.    With  the  exception  of  the  year  1872,  when  the 
amount  was  exceptionally  great,  the  importation  increased 
steadily  up  to  1875,  the  home  production  decreasing  the 
while  to  such  a  degree  that  in  the  last-mentioned  year  it 
was  only  slightly  more  than  one-tenth  of  the  importation. 
If  the  mines  have  retrograded,  the  smelting  works  have 
none  the  less  flourished  to  such  an  extent  that  the  metal 
produced  from  foreign  ore  treated  in  Great  Britain  in  1877 
wa^  twelve  times  as  great  in  quantity  as  that  extracted 
from  native  ores.*    The  larger  part  of  the  60,000  tons,  or  so, 
thus  separated  is  reduced  from  copper  ores  in  Cornwall  and 
at  Swansea.     Of  late  years,  however,  the  extraction  of^f*^^^^^^ 
copper  from  "burnt  pyrites,'' containing  about  4  per  cent,  ^"^^py*^^®*- 
of  copper,  by  art  processes  of  recent  invention  has  assumed 
great  dimensions  and  importance.    Mr.  Hunt  estimates  the 
amount  of  copper  extracted  in  this  manner  in  1876  at  15,000         E8timate«i 

MDount. 

tons,  and  in  1877  at  17,000  tons,  and  states  that  the  esti- 
mates in  former  years  have  been  too  low;  a  fact  which 
accounts  in  part,  but  not  wholly,  for  the  enormous  rise  in 
the  metallic  contents  of  imported  ore  of  late  years  according 
to  the  table.    The  "  Mineral  Statistics"  records  an  increase 
of  about  40,000  tons  in  the  import  of  foreign  ore  for  the   importaofore/ 
year  1877,  but,  unfortunately,  from  unenumerated  countries. 
The  exportation  of  copper  from  Great  Britain  is  very  large 
and  has  been  very  steiidy  since  1870,  averaging  about  54,000   ExDorution  of 
tons.    In  compiling  the  data  for  the  exportation  and  for 
the  importation  a  difficulty  has  been  encountered  in  the 
fact  that,  in  several  casi?s,  the  value  only  of  manufactured 
coi)per  is  given  in  the  "  Mineral  Statistics."    The  weight  has  mJtSg  **weight 
been  estimated  from  the  value,  on  what  appeared  to  be  suf-  g}e^*"  ***  ^^"^  ^ 
ficieut  grounds,  at  seven-eighths  of  the  value  divided  by 
the  price  of  best-selected  copper  for  the  year  in  question. 
As  the  quantities  are  small,  from  a  few  tons  to  a  few  hun- 
dred tons,  any  slight  error  in  this  rule  will  affect  the  result 
but  little.    A  small  amount  of  ore  and  foreiini  regulus  is 

*  Tho  metal  reduced  from  foreig^i  ores  and  regulus  is  given  in  the 
''Mineral  Statistics^  for  each  year  except  iOGo.  For  that  year  I  have 
estimated  it  by  the  mles  presently  to  be  mentioned. 
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oBmtBMTAw.  aometimea  exported  from  Great  Britain.    I  have  taken  the 
coppir.  metallic  coiiteuts  of  8ucli  ore  at  16g  per  cent.*  and  that  of 

the  regulus  at  25  per  ceiit.  The  foreign  reguloH  seems  tu 
have  contained  considerably  less  than  25  per  cent,  in  the 
earlier  portion  of  the  series  of  years  and  considerably  more 
towards  its  close.  The  quantity  of  copper  retuned  for  con- 
sumption in  Great  Britain  is,  according  to  the  table,  very 
tuSiSirt  in'  2^  irregular.  The  high  price  and  active  foreign  demand  in  1871 
BcmptiuD.  prico,  explains  the  smiill  amount  retained  during  that  year,  and  the 
impetus  given  to  mannfacturing  and  short  stocks  account 
for  the  large  figure  for  1872.  As  residual  quantities,  the 
figures  for  consumption  are  most,  affected  by  the  known 
iuaccuracy  of  the  returns  of  copper  extracted  from  pyrites 
previous  to  1876. 
fUDODuurcopui  ^8  ^^-  Hunt  himself  draws  attention  t«  the  erroneously 
ob^iDBdfromry- gmaii  estimate  of  the  amount  of  copper  obtained  from 
pyrites,  perhaps  it  will  not  be  amiss  to  calculate  roughly 
what  the  true  values  probably  were.  According  to  Mi'.  J. 
A.  Phillips  (manager  of  one  of  the  burnt- pyrites  extraction 
works  in  Widnes),  the  copper  contents  of  the  burnt  ore  from 
imported  pyrites  is  remarkably  constant,  and  is  about  liter 
Aboot  *  per  eeut.,  whlch  is  also  the  pi-rcentage  adopted  by  Mr.  Hunt  for 
1876  and  1877.  The  following  table  shows  the  data  in  the 
matter  and  the  difference  in  the  copper  product  which  would 
arise  if  the  conjectural  quantities  were  adopted.  Pyrites, 
when  roasted,  leaves  abont  70  per  cent,  of  "burnt  ore," 
which  (making  an  allowance  for  non-cupreous  mineral) 
agrees  well  with  the  suggested  corrections.  lu  lS7fi  some 
pyrites  must  have  been  unreported,  or  a  part  of  tjie  mineral 
richer  than  nauaL 

copp*!  eitmciM  Copptr  exlmeM  /rem  hurKt  ort. 
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The  metallic  contents  of  imported  ores  and  theconsiimp-  oggAT  urttaix. 
tion  as  given  in  the  table  would  be  altered  as  follows,  by    copper. 
assuming  the  copper  extracted  from  "  burnt  ore"  to  be  4  per 
cent,  of  the  quantity  of  that  substance  returned  as  "con- 
sumed:" 


Metollio  contents  of  imported  ore. 
Connumption 


1870. 


27,525 
12,418 


1871.   I    1872. 

I 


24,801 
7,67G 


23,843 
24,851 


1873. 


26,012 
12, 276 


1874. 


RoTised  tabl» 
of  motallic  cop- 
par  in  imported 


32,054 
17,190 


1875. 

—  ores  on  a  baaia  ot 


3^  4^7  4  per  cent 

28.880 


Lead. 


FIuctoAiionHiL 
reLntion  of  home 
and 


The  variations  here  are  less  abrupt  than  in  Table  V. 

Lead. — ^The  homo  production  of  lead  is  both  large  and 
steady,  and  in  1860  was  just  about  equal  to  the  home  de- 
mand. The  quantity  of  metal  imported  was  one-third  of  the 
home  production  in  18C0,  but  both  consumption  and  export 
trade  have  so  increased  that  in  1877  half  as  much  again  producition  " 
was  imported  as  was  produced.  The  business  of  smelting 
foreign  lead  ores  has  grown  in  a  still  greater  proportion,  the 
metal  extracted  from  them  in  1860  being  but  a  few  hundred 
tons,  while  in  1877  it  was  close  upon  10,000.  So  steady  has 
the  lead  trade  been,  that,  although  the  import  of  metallic 
lead  was  quickened  in  1872,  it  has  since  risen  to  far  higher 
figures.  The  irregularity  observable  in  the  importation  of 
lead  ore  in  the  years  1871  and  1872  waa  caused  by  shipments 
from  the  United  States,  which  sent  7,589  tons  of  ore  to  En- 
gland in  1871  and  2,709  tons  in  1872.  For  the  other  years 
under  discussion  the  importation  from  this  country  has  been 
quite  insignificant.  The  export  of  lead  in  1860  was  very  p^rT'iPielS. 
nearly  the  same  as  the  import.  It  has  about  doubled  since  ®*^°*^ 
that  time,  but  shows  considerable  irregularity,  owing  prin- 
cipally to  fluctuations  in  the  demand  from  America  and 
China.    The  consumption,  too,  has  doubled  durinc:  the  past   increased  con 

.    -  1  •  -•  ox  sumption. 

eighteen  years,  and  its  growth  was  scarcely  checked  by  the 
crisis  of  1873.    In  collecting  the  data  for  the  table  it  has 
been  necessary  to  assume  a  certain  percentage  of  metal  in  in^'j^rc^ntnpJii 
the  lead  ore  in  order  to  reduce  the  qiuintities  to  comparable  JJ^*^*^"^^J*JJ 
terms.    The  percentage  taken  was  75  (pure  galena  contains  *^®  **^'«- 
86.6  per  cent.),  which  is  about  1  per  cent,  above  the  average 
of  British  ores.    The  few  tons  of  litharge  and  white  lead 
which  appear  here  and  there  in  the  statistics  are  taken  to- 
gether at  80  per  cent  metal.    For  the  years  1876  and  1877 
the  export  of  British  lead  only  is  reported  by  Mr.  Hunt   In 
1874  the  export  of  foreign  lead  was  about  6,000  tons,  and 
in  1875  about  3,300  tons.  For  the  sake  of  completing  the  table 
approximately,  I  have  therefore  added  3,000  tons  to  the  ex- 
lK)ri}  of  British  lead  for  each  of  the  last  years  in  the  table. 
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GB«AT  BBTTAiw.      ^n^, — ^Lifc^  lead,  ziiic  has  been  comparatively  steady  in 
Zinc.  price,  production,  and  consumption.    In  both  cases  this 

steadyinprioe.  steadiuess  is  probably  attributable  to  the  extent  to  which 
Sonsump^n."*^  they  cutcr  into  the  indispensable  construction  of  buildings 
and  the  manufacture  of  paint.  Great  Britain  possesses  but 
little  zinc  ore,  and  this  httle  is  almost  exclusively  zinc  blende, 
or  "black  jack,'^  the  most  inferior  of  zinc  ores.  Conse- 
quently the  country  Las  depended  chiefly  for  the  quantity 
of  metal  consumed  on  supplies  from  Grermany,  Belgium,  and 
Britain  im-  Holland,  receiving  some  six  times  as  much  as  it  produces. 

ports    six   times-  ,   ,  _  ^        .  ,  ,        ,  ,       ^  . 

the  quantity  of  Large  quautitics  of  foreign  ore  have  also  been  smelted  in 
omep  uc  on.  q^^^^  Britain  of  late  years,  particularly  since  the  importa- 
tion of  the  carbonate  from  Sardinia  began  in  1867.  The  sup- 
ply of  foreign  ores  has  latterly  decreased.  The  exportation 
of  zinc  is  small,  about  7,000  tons,  or  slightly  more  than  the 
production.  The  consumption  has  risen  very  steadily  to 
Consnin  tion  ^^'^^^  what  it  was  iu  1860,  and  is  nearly  ten  times  the  pro- 

trebied  1860-1875.  ductiou.  The  metallic  coutcuts  of  the  imported  ore  have  been 

ascertained  from  its  weight  and  value,  on  the  supxiosition 
that  these  quantities  bore  the  same  relation  to  one  another 
in  the  foreign  as  in  the  British  ore. 
j^^  Iron. — For  the  sake  of  comparison  the  data  with  reference 

to  iron  are  also  introduced.   As  the  figures  for  the  prod- 
incioded  in  ta-  ^^^  ^^  Great  Britain  include  the  pig  reduced  fix)m  imported 

cimpiSSo^^*^  **^ore,  it  is  not  necessary  to  consider  separately  the  metal  thus 

obtained.  The  imported  ore  probably  contains  about  06|| 
per  cent,  iron,  and  includes  the  "  purple  ore^  from  the  burnt 
pyrites.  Wrought-iron  and  steel  are,  of  course,  not  taken 
into  account  in  the  production,  because  they  are  manufact- 
ured from  pig-iron.  In  the  exportation,  on  the  other  hand, 
both  must  be  counted,  as  they  cannot  represent  the  same 
metal.  The  iron  imported  into  England  used  to  be  exclu- 
sively of  high  quality  and  such  as  could  not  be  made  in  the 
country,  surbars  (made  from  manganiferous  ores  with  char- 
coal), Westphalian  "  spiegel,"  and  perhaps  some  other.  The 
reviews  now  complain  that  Belgium  is  sending  the  cheapest 
iron  to  England  tor  building  purposes,  and  that  Westpha- 
lian steel  works  nre  underbidding  English  establishments 
in  the  home  market. 
Fyntet.  Pyrites. — The  extraction  of  sulphur  and  sulphurous  add 

For  suipharic  for  the  sulphuric  acid  manufacture  from  the  minerals  classed 

acid       nianafao*        jxi.*  ••i^i_  i_  j.ji 

tore.  under  this  name  is  said  to  have  been  suggested  only  some 

40  years  ago.  The  business  has  assumed  enormous  propor- 
tions of  late  years,  as  will  be  seen  from  the  table.  The  plan 
of  extracting  small  quantities  of  copper  fh)m  the  residue 
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after  expulsion  of  the  45  per  cent,  or  so*  of  sulphur  contained  qrkat  upitact. 
in  the  mineral  seems  to  have  been  first  carried  into  opera-    PyriUi. 
tion  on  a  large  scale  in  1867.    In  that  year  600  tons  of  cop- 
per is  accredited  to  this  source  in  the  "  llilineral  Statistics."     Extraction  .>i 

'■  copper  Crom  tiiu 

As  has  been  already  mentioned,  the  residue  after  the  ex-  '^wto- 
traction  of  the  copper  is  employed  under  the  name  of  "  pur-    "Pxirpie"  ore. 
pie  ore"  in  iron-smelting.    This  is  a  proof  of  the  perfection 
of  the  preceding  processes,  for,  as  is  well  known,  sulphur 
and  copper  are  fatal  to  the  value  of  iron  ore  when  present  in 
more  than  exceedingly  minute  proportions.    Indeed,  the 
process  may  be  considered  as  one  of  the  most  perfect  in  the 
arts,  all  the  essential  ingredients  of  the  mineral  being  pro- 
fitably extracted  and  thoroughly  separated.    Prof.  Thomas    Prof.  t.  Thom- 
Thomson,  of  Glasgow,  a  famous  chemist  in  his  day,  is  cred- 
ited by  Muspratt  with  the  initiation  of  the  manufacture  of 
sulphuric  acid  from  pyiites  in  1835,  when  the  King  of  Sicily 
placed  a  heavy  duty  upon  exported  suliihur.    Henderson  LoJ^^°aiti^°  * 
and  Longmaid,  English  chemists,  worked  out  the  copper  ex- 
traction process  much  later.    The  treatment  of  pyrites  is, 
therefore,  an  Jichievement  of  modern  science.    Both  as  an 
instance  of  the  relations  existing  between  science  and  in- 
dustry and  as  a  matter  of  growing  commercial  importani^e, 
it  may  be  interesting  to  dwell  for  a  moment  on  the  financial    m„atratioii  of 
results  of  this  process,  results  which  ought  to  go  some  way  ^/^nfJ^tS- 
towards  vindicating  the  "  practical"  character  of  modern  i°g»- 
scientific  teachings. 

Results  of  the  treatment  of  cupreous  pyrites  in  1877.  The  pyrites  in 

dofltry. ' 

Pyrites  imported,  679,312  tons,  yielding  45  per  cent,  sul- 
phur, or  305,090  tons,  equal  to  sulphuric  acid  (worth  Id, 
per  lb.,  or  £9^  per  ton),  917,071  tons £8,559,02-1 

Copp;r  extroctotl,  17,000  tons,  worth  at  £74  12*.  tkf.  (price 
of  tough  cake) 1,268,625 

Purple  ore,  smelted,  415,000  tons,  containing  ()5  per  cent, 
iron,  or200,7.'>0  tons  pig,  worth  at  £2  5«.  6rf.  (price  Cleve- 
hmd) 613,670 

Total 10,441,319 

$50, 144, 810 

This  is  a  minimum  estimate,  for  a  large  proportion  of  the 
small  percentage  of  silver  contained  in  the  pyrites  is  ex- 
tracted,.as  well  as  some  of  the  gold,  by  M.  Claudet's  process. 

Silcer. — The  data  relating  to  the  exportation,  impoiiiation,    saver, 

•It  has  been  stated  under  "Copper^'  that  the  burnt  ore  amounts  to  about 
70  per  cent,  of  the  pyrites.  This  is  not  inconsistent  with  the  loss  of  45 
l>er  cent,  of  sulphur,  because  the  sulphur  is  replaced  by  oxygen.  A 
gross  loss  of  30  per  cent,  by  weight  answers  to  a  loss  of  48  per  cent,  of 
sulphur.    A  little  sulphur  remains  in  the  burnt  ore. 
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GitKATnniTAD?.  qj,(1  coiisamption  of  silver  are  imperfect  and  unsatis&ctory. 

suver.  The  movements  of  this  metal  are  so  largely  controlled  by 

the  exigencies  of  Eastern  commerce  and  by  the  financial 

The  great  east- policy  of  the  great  commercial  countries,  that  their  discus- 

era  dnun  tor  ail-  *■         •^  ^  ' 

^<?r.  sion  is  only  in  a  very  subordinate  degree  an  afiair  apper- 

taining to  the  mineral  industry.  During  certain  years  vastly 
more  silver  has  been  exported  from  Great  Britain  than  has 
been  imported.  In  other  years  enormous  quantities  have 
been  retained  in  the  country.  The  facts  bearing  upon  this 
iieaeapchee  of  point  have  bccu  clicitcd  by  the  British  and  the  American 

the   British  andtl  _,  ^ 

American  suver  Silvcr  Commissious.    A  Single  feature  of  the  subject  ap- 

Commiaaiona.  '^  j  l 

pears  to  me  to  have  received  less  attention  than  it  was 
entitled  to,  viz,  the  extent  to  which  foreign  argentiferous 
ores  are  treated  in  Great  Britain.  This  point  is  not  covered 
by  the  "Mineral  Statistics,"  and  I  know  of  no  source  whence 
absolutely  ti  ustworthy  datii  are  to  be  obtained.  In  the  ab- 
sence of  such,  I  have  prepared  a  rough  approximation,  which 
may  serve  to  give  those  interested  at  least  some  idea  of  the 
extent  to  which  silver  is  separated  in  the  United  Kingdom. 
British  Boarce  Bcsidcs  the  dcsilverization  of  argentiferous  British  lead, 
o  me    *^"*^®''||^p^r,^j|j^,  silver  is  derived  from  the  following  sources:  The 

treatment  of  silver  ores  entered  at  the  custom  house  as 
such ;  the  dcsilverization  of  foreign  lead  sent  to  England 
largely  for  that  purpose ;  copper  ore  and  regulus  and  cu- 
preous pyrites. 
Fonipn  orea     Considerable  quantities  of  silver  ore  are  annually  sent  to 

ameltcd  in  Brit-        ..  .,/o.  ^^iii  ii/.^ 

ain.  Bntam,  mainly  to  Swansea,  and  the  declared  value  of  these 

ores  is  regularly  noted  in  the  "  Mineral  Statistics.''  The  num- 
ber of  tons  is  also  given  up  to  the  year  1873.  The  silver 
Moiio  of  eati-  contcuts  of  thcsc  orcs  are  not,  however,  inferable  from  their 

S!?«!"^  ^*^"®  °' gross  weight  and  value,  because  a  higher  price  i>er  ounce  is 

paid  for  the  silver  in  high-grade  ores  than  for  that  in  jyoor 
ores.  A  comparison  of  the  average  price  per  ton  with  a 
price  list  would  consequently  lead  to  too  high  a  valuation  of 
the  number  of  ounces  of  silver  imported.*  The  error  which 
would  be  incurred  by  such  a  procedure  can  be  obviated  by 
assuming  a  sufficiently  high  rate  in  calculating  the  contents 
from  the  value.  Five  pence  per  ounce  would  certainly  be  a 
small  mean  charge  for  the  separation  of  silver  from  its  ores.t 


*  The  maximum  price  per  ounce  is  subject  to  a  deduction  which  is 
inversely  proportional  to  the  number  of  ounces  per  ton.  Hence  the 
mean  contents  of  two  lots  correspond  to  a  lower  rate  than  is  actually 
paid.  Were  this  relation  reversed  it  would  pay  to  mix  poor  ores  with 
rich  ones,  an  absunl  supposition. 

t  Tbo  avcrajre  value  of  the  imported  silver  ores  for  three  of  the  ye«n 
under  discussion  in  which  the  tonnage  is  given  is  just  £100. 
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This  is  about  the  difference  between  the  value  of  standard  qmat  bmtaw. 
silver  and  flue  silver.    In  the  table  given  below  the  amount 
of  silver  obtained  from  silver  ores  has  been  estimated  by    *'*"■ 
dividing  the  declared  valne  of  the  silver  ores  imported  dur- 
ing that  year  bj  the  average  price  of  standard  silver  (0.926 
fine)  for  the  same  period. 

It  may  be  assumed  that  all  the  lead  imjtorted  into  Great  suTeriniMd. 
Britain  is  desilverized  there,  because,  on  account  of  the  or- 
ganization of  industry  and  the  abundance  of  fuel,  the  sep- 
aration can  be  more  economically  effected  there  than,  for 
instance,  in  Spain  or  Greece,  the  principal  sources  of  supply. 
It  is  probably  fair  to  assume  that  the  imported  lead  con- 
tains at  least  25  ounces  of  silver  per  ton.' 

The  cupreous  pyrites  treated  iu  Eugland  contains  a  small  oiS'prSMi.''*"^ 
quantity  of  silver  per  ton,  which  is  at  present  recovered,  at 
least  in  part,  by  Claudet's  beautiful  process.  According  to  ciaudBt. 
Mr,  Phillips,  ordinary  pyrites  yields  in  this  way  0.65  onnces 
silver  per  ton.  The  process  was,  however,  only  iutrodnced 
in  1S70.  It  does  not  seem  excessive  to  allow  ^  ounce  per 
ton  since  1874  from  this  source. 

The  amount  of  silver  derived  from  copper  ores  other  than  suver  tmni 
pyrites  I  have  no  means  of  estimating.  Only  certain  cop- 
per ores  are  apt  to  contain  siher,  but  such,  either  raw  or  in 
the  form  of  regulns,  would  natnrally  be  preferred  for  ship- 
ment. I  will  assume  it  at  12J  ounces  per  ton  of  copper  pro- 
dneed.t 

EMmale  of  tilter  prodactd  io  Great  Britain   from  impttrltd  material*,  in    Silver prodnc«d 
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*  Italian  lead  averages  25  ounces,  according  t«  Phillips.  Qreek  lead 
ftTerage*  in  the  oeighborhood  of  20  nances,  according  to  Percy.  Span- 
ish le*d,  according  to  e  circular  of  Laos  and  Rozan,  44  ounces.  Frenoh 
lead  is  richer.     English  lead  averages  about  10  ounces. 

tCnpieona  pftites  contains  3.8  per  cent,  copper.      If  i  ounce  per 
ton  pjrritee  is  recovered,  then  18  onncea  of  silver  are  obt«iiiod  for  each 
ton  of  copper  derived  Tram  this  source. 
14  P  B ^TOL  4 
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GREAT  BMTAiK.  The  Iteiiis  OTO  given  in  the  table  as  they  result  from  C5al- 
culation,  but  are  to  be  viewed,  of  course,  only  as,  perhaps 
distant,  approximations.    It  is,  however,  probably  fair  to 

iah^^S^^iOTi^if  ®*y  ^^**  *^®  amount  of  silver  produced  in  Great  Britain 
Hiiver.  fj.Qyu  foreign  ores  has  been,  since  1870,  excepting  in  1872, 

from  5  to  7  millions  of  ounces  yearly,  or,  say,  from  6J  to  9 
millions  of  dollars.    Sir  Hector  Hay,  in  his  testimony  before 
the  British  Silver  Commission,  estimated  this  quantity  at 
£1,000,000 ;  Mr.  E.  Seyd  at  considerably  less. 
Consumption  of     The  cousumption  of  silver  in  Great  Britain  was  estimated 

nilvcr. 

at  about  the  value  of  5^  millions  of  dollars,  but,  it  is  said, 

without  taking  into  consideration  the  quantity  separated 

either  fi'om  foreign  or  nativ^e  material. 

^y^'  Coal. — Bather  more  than  one-tenth  of  the  output  of  coal 

in  Great  Britain  is  exported,  and  this  relation  has  been 

pretty  constantly  observed  throughout  the  period  under 

Export  one-  discussiou.    Both  cxport  and  consumption  were  merely  dis- 

tenth  o  the  out-  ^^pj^^  j^y  ^jj^  crisis  of  five  ycars  back,  and  were  far  greater 

in  1877  than  in  1872-'73. 

Mr.  Hunt  has  gathered  some  exceedingly  interesting  data 
concerning  the  uses  to  which  coal  is  put  in  Great  Britain 
for  the  years  1871-'72-'73.  The  table  for  1873  is  here  sub- 
stantially reproduced.  In  a  second  table  I  have  calculated 
the  proportion  of  fuel  consumed  for  various  purposes  from 
Mr.  Hunt's  table.  It  will  be  seen  from  these  tables  that  the 
mining  industry'  consumes  almost  half  of  the  coal  used  in 
England  for  industrial  puri)oses  and  40  i)er  cent,  of  the  total 
amount  burned. 

The  employ-     The  uses  for  ichich  the  coal  rahcd  in  Great  Britain  was  emi)loyed  in  1873. 
meni  of  coaL  Tons. 

Tin  smelting  and  refining 42, 422 

Copper  smelting  and  refining 360, 196 

Lead  and  silver  smelting  and  refining 179, 540 

Zinc  smelting  and  refining 181, 450 

Ii-on  smelting  and  refining 35, 119, 709 

Mines  and  collieries 9, 500, 000 

Total  mining  and  metallurgy 45, 383, 316 

Railways 3,790,000 

Steam  navigation 3, 650, 000 

St-eani  power  in  factories 27, 550, 000 

Water  works 650, 000 

Gas  manufacture 6, 560, 000 

Pottery,  bricks,  lime,  glass,  etc 3, 450, 000 

Chemical  works  and  sundry 3,217,229 

Household  consumption 20, 050, 000 

Exi>ortation  * 12,712,' 


Total 127,012,767 


c 


*  The  quantity  of  coal  exported  in  1873  is  given  at  a  slightly  lower 
figure  in  later  numbers  of  the  '^  Statistics." 
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Belaiive  quantitie$  of  coal  employed  for  various  purposes  in  Great  Britain  oebat  ubitain. 

in  1873.  
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Kelative  quau- 
ties  of  coal  em- 
ployed for  vari- 
ous purponea. 


In  mining  and  inctallur«:;ical  industries 

On  railways 

In  gteum  navigation 

For  steam  power  in  factories 

For  steam  power  at  water  works 

For  manufacture  of  f;as   

In  potteri  8,  glass  works,  etc 

In  chemical  factories  and  sundry 

For  household  consumption 

Quantity  exported 


Per  cent. ,  Per  cent  I  Per  cent. 


35.74 
2.98 
2.87 

2LC0 

.r»i 

5.17 

2.72 

2.  .13 

15.70 

10.00 


39.70 
3.32 
3.19 

24.10 

.57 

5.74 

3.02 

2.82 

17.54 


48.15 
4.02 
3.88 

29.23 

.69 

&96 

3.66 

a  41 


100.00 


100.00  '        100.00 


What  the  relative  proportions  in  other  countries  are  it  ^jj,™**,®/*^?^ 
might  be  difficult  to  ascertain,  but  it  is  probably  safe  to  say  employed  inmin- 

*=*  7  X  ./  .7  ing  and  smelting. 

that  fully  one-third  of  all  the  coal  raised  is  consumed  in 
mining  and  smelting  oi)erations.  The  economy  of  fuel  in 
iron-smelting  has  of  late  years  made  considerable  advances 
under  the  stimulus  of  high  prices  of  coal  and  low  prices  for 
iron.  In  1870,  Mr.  Hunt  ascertained  the  consumption  of 
coal  per  ton  of  pig-iron  to  be  three  tons.  In  1877  the  con- 
sumption in  the  manufacture  of  pig  had  fallen  to  2.^  tons. 
The  manner  in  which  this  economy  has  been  effected,  the 
more  judicious  dimensions  selected  for  blast  furnaces,  the 
improved  hot-blast  stoves,  and  the  general  study  into  th« 
science  of  iron-smelting  under  the  efficient  leadershij)  of  Mr. 
Bell  will  doubtless  be  discussed  in  the  special  report  on  iron 
and  steel. 


Foreign  sources  of  supply  and  points  of  destination  of  ores  and  ^^^^^^T^ 

metals  handled  in  Oreat  Britain.  tion  of  ores  and 

motals. 

England  carries  on  not  only  a  larger  but  a  much  more  ex- 
tended trade  in  metals  and  ores  than  any  other  ex)untry. 
In  1877  foreign  ores  were  imported  at  62  ports  in  the  United 
Kingdom,  and  it  would  be  difficult  to  find  a  mining  district  ^^^.j^^^^e^'J^"* 
in  the  world  which  does  not  send  ore  or  metal  to  England,  merciai     inter- 

"  '  coarse. 

or  a  market  at  which  no  metal  is  received  from  the  United 
Kingdom.  An  exhaustive  discussion  of  this  traffic  would 
be  scarcely  possible  under  the  most  fa\'orable  circumstances, 
and  no  attempt  will  be  made  here  to  do  more  than  give  a 
few  characteristic  data  and  to  point  out  a  few  salient  fea- 
tures of  the  subject.  The  tables  are  especially  recommended  x?*  page7^22i^ 
to  those  who  feel  any  interest  in  the  matter,  as  small  iufor-  ^ 
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r;REAT  BBiTAiy.  niatloD  aud  a  trifling  amount  of  patience  will  serve  to  elicit 
many  interesting  facts  conceniing  the  development  of  hu- 
man industry  and  the  interdependence  of  human  pursuits 
from  them. 

^*»-  Tin. — Little  tin  ore  has  been  imported  into  England,  ex- 

cept for  a  couple  of  years  after  the  opening  of  the  Australian 

Table  VI  (page  tin  miucs.    Chili  and  Peru  send  a  small  amount  with  some 

221). 

regularity,  and  Holland  and  the  Straits  now  and  then  a  ton. 
Sources  of  tin  xhis  orc  is  probably  brought  to  Europe  as  ballast  by  trading 
vessels  which  have  been  cruising  among  the  islands  of  the 
Malayan  Archipelago.  The  Cape  also  sends  a  trifling  amount 
from  time  to  time.  Even  France,  Spain,  Portugal,  and  other 
countries  have  occasionally  sent  a  few  tons.  The  fact  is  that 
tinstone,  like  cinnabar,  is  not  a  very  rare  mineral,  though 
there  are  but  few  localities  where  it  occurs  in  paying  quan- 
tities. It  may  be  a  surprise  to  some  to  see  (hat  Australia 
sent  tin-stone  in  relatively  considerable  quantities  to  England 
long  before  the  mines  which  have  grown  so  important  were 
discovered.  The  contents  of  the  ore  recorded  in  the  table 
may  probably  be  taken  at  about  70  per  cent,  metallic  tin. 
Australia  The  principal  foreign  sources  of  metallic  tin  are  Australia 
nfonts  thoprinci-  and  the  Straits,  tin  from  the  Dutch  Indies  going  principally 
taiii!?tS**''  ™^to  Continental  markets.  It  is  interesting  to  observe  from 
the  table  how  rapidly  the  Australians  mastered  the  business 
of  tin-smelting,  the  exports  of  ore  having  fallen  within  a 
couple  of  years  of  the  great  discoveries  to  a  lower  point 
than  that  at  which  they  were  before,  and  the  amount  of 
metal  sent  '^horne"  having  more  than  proportionately  in- 
creased. The  imports  of  tin  from  Australia  are  given  as 
per  parliamentary  returns.  In  later  volumes  of  the  *'  Sta- 
tistics," however,  Mr.  Hunt  appears  to  adopt  figures  at  first 
given  as  unofficial,  and  which  are  as  follows : 

Tons. 

Imports  of  Aus- 187:2 150 

traliantin.  ^y-g 2,990 

1874 5,800 

1875 7,210 

The  imports  from  the  Straits  show  a  rapid  increase.    This 

tin  appears  to  be  smelted  by  natives  and  Chinese  on  the 

Malayan  Peninsula,  from  stream  tin«  in  rude  hearths,  but  the 

writer  has  been  unable  to  find  any  statement  of  the  condi- 

Fau  in  price  and  tions.    The  principal  consumers  of  tin  are,  as  might  have 

fJuBuinptk»n!^    bccu  cxpcctcd,  Fraucc,  Germany,  and  the  Unit>ed  States, 

and  the  consumption  has  grown  enormously  with  thefsUI  of 
price.  Germany  produces  some  tin  for  home  consumption, 
and,  of  course,  Dutch  tin  is  consumed  more  or  less  in  all 
countries. 
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It  will  be  observed  that  the  table  contains  no  data  for  qbbat  urttapi. 
187G  and  1877,  and  the  same  will  be  found  to  be  the  case  for 
several  of  the  succeeding  tables  as  well.  For  these  years  Tin. 
neither  the  "Mineral  Statistics^  nor  the  "  Economist '^  gives 
sufficiently  detailed  accounts  of  the  imports  and  exports  to 
make  the  compilation  of  the  data  possible,  a  fact  which  I 
greatly  regret. 

Copper. — By  no  means  all  of  the  sources  of  supply  are    copper. 
given  in  the  table,  many  other  countries  sending  small  lots  .       Tjbio  vii 
of  ore  and  metal;  nor  are  the  copper  contents  of  cupreous 
pyrites  taken  into  account.    Chili,  Australia,  and  the  Cape    Sources  of  c«p- 
of  Good  Hope  are  the  principal  countries  from  which  Great  ^s. 
Britain  imports  copper  and  its  ores,  and  of  these  Chili  is 
much  the  most  important.    It  will  be  noticed  with  interest .     increaae  in 

AoBtralian     and 

that  both  Australia  and  Chili  are  every  year  sending  a  Chilian  ^imports 

^  of  metallic  cop- 

great  cr  proportion  of  metallic  copi)er,  and  a  smaller  one  of  per. 

ore,  indicating  the  advance  of  the  metallurgical  industries 

of  those  countries.     The  Cape,  on  the  other  hand,  while 

sending  far  more  ore  to  England  than  any  other  country 

except  Chili,  sends  no  metallic  copper  and  only  an  insigniti- 

cant  quantity  of  regulus.    The  metallic  contents  of  the  oi'e 

and  regulus  are  higher  than  formerly,  apparently  because 

most  of  the  regulus  now  imported  is  concentrated  at  the 

mines.    The  average  copper  contents  of  ore  and  regulus  ^^°^^^jj^; 

together  were  18  per  cent,  in  1873,  in  which  year  about  one-  importn. 

third  of  the  total  importation  was  regulus,  while  in  1877, 

less  than  one-fourth  of  the  total  being  regulus,  the  average 

copper  contents  were  about  24  per  cent. 

All  the  principal  countries  of  Europe  and  British  India  cop^frSSTEuK^ 
are  large  consumers  of  copper  from  England,  though  several  lanu. 
of  them  arc  large  producers.  The  United  States,  on  the 
other  hand,  hiis  bought  only  insignificant  amounts  of  this 
metal  from  England,  except  in  the  years  of  inflation,  nor 
does  this  country  send  any  noticeable  quantity  of  ore  or 
metal  to  England,  although  Lake  Superior  copper  has  the 
preference  for  telegraphic  puri)oses. 

Lead. — Comi)aratively  little  lead  ore  is  imported  into  En-    Lead. 
gland,  and  that  chiefly  from  Italy,  while  Spain  sends  enormous       Table  viii 

A    '  •  ».-^  jf  aV  i.   1        ^  ^1  (page  223). 

and  increasing  quantities  of  the  metal.    Greece  sent  large 

amounts  of  metal  for  a  time,  but  the  import  from  that  country    Spprces  of  lead 

and  lead  ore. 

fell  off  suddenly  in  1874.  Much  the  most  imjK)rtant  customer 

of  the  English  lead  merchants  is  China,  which  in  1877  took    China  the  pHn- 

^  '  cipal     oiMtomci 

about  as  much  as  all  the  other  principal  countiics  together,  of  England. 
France,  Germany,  Russia,  and  the  United  States  are  of 
course  large  producers  of  lead.    The  quantity  bought  by 
the  United  States  has  fluctuated  greatly^  though  on  the 
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oRgAT  BKiTADr.  ^bole  It  bas  declined  since  1870,  when  it  was  nearly  13,000 
Lead.  tous.    In  1875  we  bought  of  England  only  485  tons,  but  the 

importation  had  risen  again  in  1877  to  nearly  3,000  tons. 
The  figures  for  exportation  are  the  corrected  values  given  in 
the  *'  Mineral  Statistics "  for  years  subsequent  to  those  to 
which  the  numbers  refer.  I  am  inclined  to  the  opinion  that  for 
the  years  187C  and  1877  only  the  British  lead  is  reported,  al- 
though no  sta.tement  to  that  effect  is  made.  The  exporta- 
tion of  foreign  lead  is  small,  being  less  than  10  per  cent,  of 
the  whole  in  1875.  liussia  in  that  year  took  the  largest 
proiK)rtion  of  foreign  lead,  about  one-eighth  to  seven-eighths 
of  British  proiluction. 
^*^'  Zinc. — Large  quantities  of  zinc  ore  of  foreign  production 

^  Table  IX  (page  ^re  smcltcd  at  Swansea.    They  come  chiefly  Irom  Spain  and 
spanisu  and  Sardinia,  especially  the  latter,  and  are  mainly  carbonate. 

Sardinian  ores,    ^j^^  importation  of  ziuc  orc  from  Sardinia  began  in  1807, 

and  was  over  30,000  tons  in  1870,  but  little  more  than  half 
this  quantity  in  1875,  and  still  smaller  since,  for  in  1870  the 
total  quantity  of  zinc  ore  iniported  fell  short  of  12,000  tons. 
In  1877  the  total  import  rose  again  to  over  19,000  tons.  The 
imports  of  ore  from  other  countries  are  insignificant.  The 
metallic  contents  of  the  imported  ore,  as  calculated  from  its 
value,  are  in  the  neighborhood  of  40  per  cent.  Pure  carbon- 
ate contains  52  per  cent.* 

ininortations     Bclgiuui  and  Silcsia  are  the  two  most  imrortant  zinc -pro- 
of   Uel<;ian   and  *=*  *  * 

siUaian  meuuic  duciug  districts  iu  Euroj^e,  and  from  them  England  imports 

the  greatest  quantity  of  crude  and  manufactured  (mostly 
rolled)  metal.  England  also  imports  much  zinc  from  Hol- 
land, a  country  which  produces  none.  I  have  failed  to  dis- 
cover how  this  happens. 

Great  Britain  exports  insignificant  quantities  of  zinc,  ex- 
cept to  its  own  possessions  in  India. 

j^^„  Iron. — No  suflicient  data  for  ascertaining  the  distribution 

of  iron  exported  from  England  have  been  found. 

Pyriut.  Pyrites. — Spain,  Portugal,  and  Norway  furnish  essentially 

Table  X  (page  all  the  pyritcs  imported  into  England.  In  the  beginning  of 
the  period  under  discussion  Portugal  was  the  main  source 
of  supply,  but  the  Spanish  mines  have  been  developed  with 
great  steadiness  and  rapidity,  and  in  1876  furnished  more 
than  four-fifths  of  the  total  supply. 

ooai.  Coal. — Excepting  Belgium,  all  the  principal  countries  of 

^abioxi(pagej^^j,Qp^  ^P^  large  consumcrs  of  British  coal,  France  and 

*  The  zinc  contents  of  Sardinian  ore  probably  fall  a  little  short  of 
40  x>er  cent.,  a  higher  price  being  paid  for  the  superior  quality  of  the 
ore.  According  to  a  statement  of  Mr.  Vivian  to  Mr.  J.  A.  PliiUips,  the 
Sardinian  product  averages  about  33  per  cent. 
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Germany  leading.    The  large  amoant  taken  by  Chili  is  no  Qg^^^  mnAjs. 
doabt  sent  out,  with  manafactored  goods,  in  ships  which    coai 
come  home  loaded  with  copper,  etc.    The  coal  sent  to  the 
United  States  is  probably  for  gas-making  purposes.    The BriuJhe!roort  **' 
high  prices  of  1873  checked  the  exportation  to  most  coun- 
tries, but  the  general  tendency  is  to  a  decided  increase ; 
Germany,  however,  has  never  since  imported  so  much  coal 
from  England  as  in  1871,  while  France  takes  about  half  as 
much  again  as  at  that  period.    British  India  affords  a  large 
and  constantly  increasing  market  for  English  coal,  notwith 
standing  the  immense  distance. 
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Table  VI.— 2I?i  :  Principal  sources  of  supply  and  points  of  destination  of  obeat  britaik. 

metal  and  ore  handled  in  England.  .» 


Coimtrie«. 


AuBtralia 

Chill 

HollAnd... 

Peru 

Straits . . . 


1860. 


120 


616 
6 


IHPOBT  OF  ORE. 


1865. 


222 

79 

1 

307 
14 


1870. 

1871. 

1872. 

1873. 

1874. 

1 

104 
105 

70 

102 

187 

7 

190 

812 
18 
43 

101 

4,726 
157 

1 
671 

1 

1 

8,666 

28 

1 

535 

1 

*  1 

1876. 


Sources  of  sap- 
ply  and  points  of 
dciitinatfon. 


60 


1 

296 

26 


IMPORT  OF  METAL. 


Australia 

Chili 

Holland 

Peru 

Straits 


7,218 

68 

407 

202 

8,666 


EXPORT  OF  METAL. 


Russia 

Turkey 

France 

Germany , 

United  Stotes  .. 


619 

480 

669 

681 

270 

221 

243 

328 

1,178 

1,627 

1.466 

2,307 

166 

628 

368 

739 

194 

2,943 

2,079 

1,099 

625 
477 

2,480 
978 

1,462 


067 
388 

1.566 
718 

1,720 


780 

461 

2,124 

1,160 

3,480 


2,420 
1,871 
1.     " 
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QBKAT  BBiTAUi.  Table  IX.—Ztfio:  Principal  aauroea  of  supply  and  paints  of  desUnaiUm  of 

metal  and  ore  handled  in  England. 


Zinc. 


IMPORT  OF  OBE. 


Sooroesof  snp- 

Sly  and  points  of       Countries, 
estinatfon. 


France 

Italy 

Norway  and  Swe- 

dm , 

Spain 


1860. 

1865. 

1870. 

1871. 

1872. 

1878. 

1874. 

Tom. 
796 

Tom. 
1,519 

Tom. 
2,246 
31,417 

1,444 
0,162 

Tom. 

1,058 

20,761 

945 
6,086 

Tom. 

843 

25,266 

1,489 
5,010 

Tom. 

1,4  6 

21,603 

1,114 
5,129 

Tom. 

710 

14,784 

828 
5,201 

138 
3,434 

75 
3,545 

187S. 
Ton§. 

"ii.'att 

55 
8,500 


IMPORT  OF  SPELTER  AND  MANUFACTURED  ZINC. 


Belgiam  . 
France.. 
Germany 
Holland. 


3,431 

8,240 

16,786 

17. 175 

10,329 

8,781 

6,810 

363 

427 

432 

380 

1,065 

8,298 

1,875 

18.942 

18,354 

8,492 

5,879 

7,115 

11,522 

11,882 

1,593 

3,886 

4,632 

6,027 

7,433 

8,514 

8,800 

18,081 

2,247 

11,468 

10,011 


EXPORT  OP  SPELTER  AND  MANUFACTURED  ZINC. 


Australia 

British  America . . 
British  India.... 

France 

Turkey 

United  States.... 


232 

116 

6.068 

1,527 

63 


526 

130 

3,005 

2,008 

240 

1,810 


424 
165 
5,801 
1,912 
235 
448 


242 
242 
5^998 
597 
190 
253 


403 
105 
4.962 
59 
211 
419 


505 
102 
1.906 
541 
280 


782 
806 
2,108 
564 
25 
185 


872 

2,875 

798 


111 


Pyritet. 


Sources  of  sup- 
ply. 


Table  X.— Pyrites:  Principal  sources  of  supply  of  the  mineral  trwaied  in 

England, 


Countries. 

1865. 

1870. 

1871. 

1872. 

1878. 

1874. 

1875. 

1878. 

Spain 

Portugal.. 
Norway  .. 

Tom. 
16,393 
137,787 
22,229 
14.727 

Tom. 

150,996 

174,459 

67,467 

14,914 

Tom. 

242,16:) 

120, 573 

74, 416 

12,800 

Tom. 
257,428 
180,329 

71.665 
5,682 

Tom. 
246.  G92 
199,559 

67,462 

Tom. 
294^117 
162,569 

41,044 

Tom. 
844,010 
185^488 

21,820 

Tons. 
419,088 
66,570 
7.688 
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OUKAT  DaiTAlN. 


Points  of  desti- 
ufttion  of  exports. 


IV. 

AUBTOAUA.  AUSTRALIA. 

THE  AUSTRALIAN   EXHIBIT. 

Four  colonies  The  Australiau  colonies  represented  at  the  Exposition, 
viz,  Queensland,  New  South  Wales,  Victoria,  and  South 
Australia,  made  a  fine  exhibit  of  ores  and  metals  and  of 
photographs  of  localities  and  mining  operations.  Mining 
appliances  were,  unfortunately,  absent,  but  on  the  other 
hand  descriptive  and  statistical  information  were  freely  dis- 
tributed. 

After  all,  an  exhibit  of  ores  and  products  serves  as  little 

more  than  an  illustrated  index  to  the  mineral  industry  of  a 

A  CO  lection  of  country.    For  any  comprehensive  view  of  the  subject  one 

ores  and  products  .  mi  .  •    >     i     •    /•  ^« 

must  be  supple-  must  neccssarily  have   recourse   to   printed   information, 

roentcd  hvstatis-      i     .t  x    a.*    a*       i  x      i.     •      i 

tic*.  whether  statistir.al  or  technical. 

An  attempt  will  be  made  in  the  following  pages  to  pre- 
sent such  a  sketch  of  the  mining  industries  of  the  great 
southern  continent  as  it  is  supposed  will  be  welcome  to 
Americans,  not  altogether  neglecting  applied  science  nor 
omitting  to  trace  the  developments  and  achievements  of  the 
Extraordinary  purcly  Commercial  side  of  mining,    ^he  astonishing  variety 

varietyniid  aburi-         i      i  i  v  j.\  •  i  /»   a        x      i       •  *i 

danco  of  Austia-  uiid  abuudaiicc  01  tlic  mineral  resources  of  Austi alasia,  and 
soun^*^™^  ^^'  more  pai-ticularly  of  j^ew  South  Wales,  and,  as  it  seems,  of 

the  islands  of  New  Zealand,  where  development  has  scarcely 
yet  begun,  make  them  an  interesting  subject  for  the  tech- 
nologist and  an  important  one  to  those  who  "  go  down  to 
the  sea  in  ships.^ 
An  extensive  but  somewhat  desultory  literature  of  the 
The  fiources  of  Australian  mineral  resources  exists.    The  writer  has  availed 
formation.         himsclf,  iu  addition  to  the  catalogues,  essays,  and  pam- 
phlets distributed  at  Paris,  of  a  variety  of  works  and  scattered 
memoirs,  and  would  gladly  have  extended  his  inquiries  to 
many  xmblications  not  within  reach.    It  is  not  too  much  to 
hoi)e  tiiat  one  result  of  the  approaching  International  Ex- 
Tbe  approacb-  hibitioii  lu  Australia  will  be  a  wider  dissemination  in  Amer- 
intcrnationa?Ex-  ica  of  the  Valuable  documents  in  the  publication  of  which 
the  colonial  governments  have  shown  a  most  intelligent  n»- 
gard  for  texjhnology  and  science. 

It  has  been  the  writer's  intention  to  accredit  all  informa^ 
tion  to  the  proper  sources. 
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Tfie  mineral  resources  of  Atistralia, 


AU6TBAUA. 


It»  mineral  re- 


The  ea«tcm 
colonies. 


So  little  attention  is,  in  general,  devoted  to  Australia,  the  "ourceg. 
character  of  the  country,  and  its  resources,  that  a  few  words 
of  general  description  may  not  inappropriately  precede  an 
siccount  of  its  mineral  industry-. 

Australia  has  an  area  of  3,000,000  square  miles,  or  approxi-  ^  Area  of  ahb 

'         '  ^  '  -I .        tralia  about  tho 

niately  the  same  as  that  of  the  United  States,  excluding  same    aa    th«^ 

.iimi*  .  ^1  •  .I  1  ijnited      States 

Alaska.    The  interior  of  the  continent  is  a  desert,  and  one-  Aiasiiaeiciuiw 
third  of  it  is  practically  unexplored.    Leaving  out  of  con-  terior.  ^  ®   "* 
sideration  the  comparatively  insignificant  colony  of  West 
Australia,  the  interest  concentrates  upon  four  colonies  in  the 
ciistem  and  southeastern  portion  of  the  territory.    The  east- 
ern side  of  the  continent  is  occupied  by  Queensland,  New 
South  Wales,  and  Victoria.    Queensland  is  the  most  north- 
erly and  the  largest  of  the  colonies ;  Victoria  the  southern- 
most, smallest,  and  most  populous.    On  the  south  shore  and  andtheBoutheru 
immediately  west  of  New  South  Wales  and  Victoria  lies 
South  Australia.    The  four  colonies  offer  a  continuous  coast, 
occupying  perhaps  three-eighths  of  the  circumference  of  the 
continent.    The  settlements  cover  a  strip  of  country  extend-  ScttiemontaaiMi 
ing  two  or  three  hundred  miles  inland,  and  amounting  to 
perhaps  one-fifth  of  the  area  of  Australia.    The  population 
of  these  four  colonies  exceeds  1,600,000. 

The  physical  character  of  Eastern  Australia  is  remarkablj'  PhysictU  char 
regular  and  resembles  Western  America  in  its  most  striking  Au8troUa»imiiar 
features,  essentially  as  it  differs  from  the  Pacific  coast  in  a  coast  of  xonh 

1.1  ,  America. 

geological  aspect. 

From  one  end  to  the  other  of  the  east  side  runs  a  chain 
of  Cordilleras  parallel  to  the  coast.  The  main  ranges  are  at  The cooat range, 
an  average  distance  of  not  more  than  100  miles  inland,  and 
their  average  elevation  is  not  over  1,500  feet,  although  peaks 
in  the  southern  portion  rise  to  7,000  feet.  Subordinate  par- 
allel ranges  and  divergent  spurs  occupy  a  tract  of  country 
extending  some  hundreds  of  miles  from  the  coast,  and  the 
main  range  turns  westward  for  some  400  miles  at  its  south- 
em  extremity,  still  following  the  shore  line.  It  is  almost  a 
matter  of  course  that  the  line  of  the  great  cordillera  should 
experience  local  deflections  from  its  general  direction,  and 
these  deviations  would  not  be  referred  to  but  for  the  extra- 
ordinary fact  that  strike  of  the  slates  and  other  older  sedi-  upheaval  uftiie 

.,,  ii-Li'v*  •   older      acdimeo- 

mentary  strata  upheaved  along  this  chain  preserves  a  men- tary  atmta. 
dianal  course  irrespective  of  the  mountain  formation.    The 
strike  of  the  slates  consequently  crosses  the  westerly  branch 
in  which  the  cordillera  terminates  at  its  southern  extremity 
.'It  right  angles,  and  crosses  more  northerly  bends  in  the  chain 


and    divergent 
apurs. 
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AusTRAUA.     at  au  angle  equal  to  their  deviation  from  the  meridian ;  and 
Its  mineral  re  so  strictlv  unifomi  is  this  line  of  fracture  that  bewildered 
travelers  in  the  mountains  refer  to  the  slates  to  regain  tlieir 
bearings, 
cotnpririson  of     It  was  oiice  supposod  that  the  geology  of  Australia  and 
tho  Paciflo  coast,  the  Pacitlc  coast  were  nearly  allied,  and  analogies  there  un- 
questionably are ;  but  these  tend  rather  to  prove  the  preva- 
lence of  similar  physical  and  chemical  conditions  in  various 
indicatioDB  of  gcological  cras  than  the  coeval  development  of  the  mineral 
andchenScScoS-  rcsources  of  the  two  most  important  gold-bearing  regions  of 
feren^gwiogicai  the  world.    In  fact,  so  far  as  the  formations  found  in  the  two 
*'™*  localities  are  concerned,  they  may  be  said  to  be  almost  anti- 

thetical, in  some  respects  much  to  the  advantage  of  Aus- 
tralia. 
Rocks  spec-     In  Western  Australia  AnthaBan  granites  are  largely  de- 
WtJtcraAustiSveloped,.  while  the  Silurian  is  reprCvSented  only  by  occasional 

])atches.    The  Tertiary  is  well  developed  in  Western  xVnstra- 

Abseuccof  cor-  lia  and  nlong  the  southern  coast  into  Victoria.    On  the  east- 

the^oasterll^coalt  cm  coast,  wlth  its  cordillcra,  however,  it  is  doubtful  whether 

mnge.  ^^^^  Azoic  rocks  have  been  found,  the  crystalline  schist,  etc., 

being  referred  to  the  lower  Silurian.    Paleozoic  rocks  are 
very  highly  developed,  as  are  also  the  Mesozoic,  while  ex- 
cept at  its  northern  and  southern  extremities  the  great  mount- 
ain belt  of  Eastern  Australia  lacks  the  Tertiary. 
Tho  eastern     The  eastcm  cordillcra  of  Australia  is  then  a  mountain 
range  which  has  been  upheaved  in  Paleozoic  and  Mesozoic 
Its  upheaval,  fomiations.    The  disruption  has  been  accompanied  by  out- 
diaruption,otc.    ^^^^j^^g  ^f  igucous  rocks,  apparently  of  many  different  ages; 

and  this  acticm  has  been  accompanied  by  more  or  less  meta- 
morphosis or  transmutation. 
These  are  plainly  geological  conditions  likely  to  be  accom- 
Vast  oix^  th^  panied  by  ore  deposits,  and  such  there  are  in  wonderful  va- 
of  250  bv  1.700  rietv,  covering  a  belt  coincident    with  that  of  the  settle- 

ments,  two  or  three  hundred  miles  wide  and  1,700  miles  long. 
There  is  a  second  belt  of  mineral  deposits  in  South  Aus- 
tralia, where  there  exists  a  comparatively  small  range  of 
mountains,  also  running  north  and  south,  at  a  distance  of 
some  700  miles  west  of  the  more  important  chain.    The  pre- 
dominant ores  in  the  South  Australian  chain  are  those  of 
ParaUoi  ore  coppcr,  and  lu  their  parallelism  and  difference  of  mineraliza- 
Australia.         tiou  wc  rccogiiize  au  analogy  to  the  successive  ore-bearing 
and  of  Now  zea-  belts  of  tlic  rcgioii  of  tlic  Pacific.    New  Zealand  maj'  be  re- 

garded  as  a  second  parallel  mineral  belt, 
unonuaiftd  va-     Thc  Variety  of  valuable  minerals  met  with  in  the  Austra- 
ininerais  Hau  coast  raugos  is  unequaled  in  any  other  part  of  the 

world.    Gold,  copper,  tin,  and  coal  are  indeed  the  principal 
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miueral  products,  but  several  others  are  of  no  trifiiug  commor-     aubtraua. 
cial  importance,  as  bog-Lead  miueral  or  "  kerosene  shale,"  iron,     it*  mxMrai  r«. 
lead,  and  silver  and  antimony,  while  diamonds  and  a  variety 
of  other -gems  and  quicksilver  have  been  sought  for  with 
some  sucicess. 

The  importance  of  the  rainfall  to  mining  interests,  ^-i^^^jt/^nfl^en^^ 
more  particularly  to  gold  mining,  is  well  known  wherever  lummj?  interest*. 
this  industry  is  pursued.    In  Eastern  Australia  the  rainfall 
is  much  as  might  be  auticipated  from  the  genenil  physical 
features.    On  the  coast  the  yearly  rains  amount  to,  say,  from 
20  to  50  inches.    The  quantity  diminishes  toward  the  inte- 
rior, and  on  the  western  slope  of  the  cordillera  some  places 
escape  rain  altogether.    In  California  the  jilacer  mines  are     Australia  and 
on  the  wet  side  of  the  enormous  range  of  the  Sierra  Nevada, 
which  serves  as  a  reservoir  for  a  large  fall  of  rain  and  slowly 
melting  snow.    In  Australia  the  comparatively'  small  range 
of  mountains  and  the  distribution  of  deposits  is  against  the 
miner,  who  is  often  compelled  to  contend  with  lack  of  water. 

A  comprehensive  idea  of  the  mineral  industry  of  Austra-       The  coioniui 

division    of   the 

lia  is  less  common  than  it  would  be  but  for  the  political  con-  country  as  aflfootr 
stitutiou  of  the  country.    The  four  colonies  have  no  politi- of*^  awnprehciT 
cal  connection,  nor  is  there  any  co-operation  in  the  matter  tisSc™    °^  •  *" 
of  surveys,  mineral  statistics,  and  the  like.    Hence  data 
must  be  sought  independently  for  the  mining  districts  of 
each  colony,  although  no  natural  division  exists  between 
them.    It  will  be  the  object  of  the  following  remarks  to  trace 
briefly  the  past  history  and  present  condition  of  each  of  the 
more  important  mining  industries,  independently  of  politi- 
cal divisions. 

Oold. — It  was  of  course  the  secondary  stream  or  placer  de-    ooia. 
posits  of  gold  which  first  attracted  attention.    It  was  for- posits  t^e^itto 
meiiy  supposed  that  these  gravel  depositis  containing  water- **^™^'****°****° 
worn  gold  were  of  recent  origin.   It  has  been  shown,  however, 
that  the  period  of  their  formation  extends  back  into  the 
Paleozoic  eras.    Mr.   C.  S.  Wilkinson   writes  as  follows:  o. s. wiudnson. 
"  North  of  Gulgong,  at  Tallawang,  the  coal  measures  cover 
a  large  area  of  country ;  their  lowest  beds  have  been  found 
to  be  payably  auriferous.    *    *    ♦    The  gold  is  coarse  in 
size,  remarkably  scaly,  and  water-worn.    *    *    ♦    These 
alluvial  deposits  are  of  four  periods,  Pliocene,  Upper  Plio-    The  oeriods  of 
cene.  Pleistocene,  and  Recent ;  and  now  we  can  add  another —  posits, 
the  Carboniferous — the  oldest  formation  as  yet  discovered 
containing  drifted  or  water- v*orn  gold."    Rev.  W.  B.  Clarke  ^    Rev.  w.  b. 
had  previously  discovered  minute  quantities  of  gold  in  car- 
boniferous conglomerate.    As  in  California,  the  auriferous 
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AUBTiiAUA.     gravels  are  not  infrequently  covered  with  beds  of  volcanic 

Its  mineral  re-  rOck. 

Gow.  Gold  is  also  found  in  place,  and  a  very  large  proportion  of 

the  metal  now  yearly  extracted  is  obtained  from  veins.  For 
a  time  it  was  maintained  that  these  veins  were  remunera- 
tive (the  Australians  use  the  somewhat  ambiguoiis  expres- 
sion "payable'')  only  in  certain  formations,  and  t&at  deep 
mining  must  necessarily  be  unprofitable.  It  has  been  con- 
clusively shown,  however,  that  while  the  majority  of  paying 
Gold  in  veins,  vcius  urc  fouud  iu  ccrtaiu  formations,  rich  veins  also  occur 
in  others,  and  that  there  is  no  tendency  of  veins  otherwise 
favorably  placed  to  give  out  in  depth. 

The  tyx)ical  liabitus  of  gold  iu  place  in  Australia  is  in 

quartz  veins,  and  in  the  southern  portion  of  the  gold  belt 

The  orifTin  of  ( Victoria)  the  gold  is  chiefly  derived  fix)m  veins  or  "  reefs  "  iu 

t^  go   in  ic  o-  ^^^  Lovver  Silurian,  without  being  confined  to  this  formation. 

In  the  central  portion  of  the  chain  of  the  cordilleras,  gold 
iu  Queensland;    is  morc  generally  distributed,  and  in  Queensland  "mica- 
cious  diorite,  serpentine,  pyritous  felstone,  and  compact 
quartzite  are  gangues  in  many  localities,  to  the  total  exclu- 
sion of  quartz."    Gold  in  sitti^  however,  is  not  confined  to 
veins.    It  is  also  met  with  in  igneous  rocks  and  sedimentary 
in   New   South  strata.  Mr.  Clarke  says:*  *' Much  of  the  gold  in  New  South 
waiesi  Wales  is  derived  from  iron  pjTites  in  granite,  and  in  beds  of 

in  New  Zealand.  Sedimentary  origin.    ♦    ♦    ♦    In  New  Zealand  gold  some- 
times occurs  so  mixed  with  silli^ious  particles  as  to  consti- 
tute with  them  a  gold  sandstone."    Elsewhere  t  he  says  of 
Queensland:  ''  Oftentimes,  where  there  is  no  reef  or  vein  of 
any  kind,  the  wliole  mass  of  the  rock  is  charged  with  gold." 
Mr.  Wilkinson  states,J  as  a  remarkable  feet,  long  since 
pointed  out  by  Mr.  Clarke,  that  the  hornblendic  granites  of 
New  South  Wales  are  auriferous.    In  all  the  gold  fields  re- 
cently examined  Mr.  Wilkinson  has  noticed  that  hornblendic 
granites  and  intrusive  diorite  are  the  original  sources  from 
The  origin  of  which  thc  gold  iu  the  gravel  deposits  has  been  derived. 
depSsiu.^^'^^^^Crold,  moreover,  seems  to  accompany  iron  pyrites  every- 
where in  ancient  and  recent  formations.    To  leave  out  less 
extraordinary  occurrences,  Mr.  Clarke  speaks  of  the  dis- 
Found  in  cooL  covcry  of  a  lump  of  gold  in  a  lump  of  coal ;  and  Mr.  R.  B. 
RR  Smyth.     Smyth  mentions  §  that  the  pyrites  from  an  old  tree  trunk 
was  examined,  the  yield  of  which  was  at  the  rate  of  over  30 
dwt.  per  ton. 


•  Mines  and  JUineral  Statistics  of  Kew  South  WaleSf  p,  153. 
t  Progress  of  Gold  Discovery  in  Australasia  from  1860  to  1871. 
t  Annual  Report  of  Dcpartmait  of  Mines,  N.  S.  FT.,  1875. 
$  Gold  FiddH  and  Mineral  Db^trictH  of  ^  Victoria,  p.  261. 
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The  physical  structure  aud  the  lithological  character  of    aubthaha. 
the  surrounding  rocks  both  afi'ect  the  yield  of  quartz  veins    ita  mineral  n? 
in  Australia.    Mr.  H.  A.  Thompson,  a  well-known  mining    gow* 
engineer,  has  observed*  that  only  partially  decomposed  «M>n. 
granites  and  diorites  carr>'  gold-bearing  veins,  and  that  if 
the  decomposition  of  the  adjacent  rocks  penetrates  only  to 
a  small  depth  the  quartz  veins  cease  or  become  barren. 
Veins,  too,  crossing  planes  of  bedding  or  stratification,  or    stmctuui  and 

character  of  tho 

at  the  contact  between  unconformable  beds,  are  richer  than  acOacent  rocka 
others.  In  short,  the  conditions  for  infiltration  must  exist,  yieia.*^  °^ 
It  is  a  mistake  to  suppose  that  highly  altered  strata  are  in- 
dispensable to  paying  quartz,  many  of  the  best  veins  being 
in  unaltered,  soft  Silurian  beds.  The  influence  of  intrusive 
hornblende  granite  and  diorite  is  marked,  veins  which  are 
very  rich  so  long  as  they  are  in  these  rocks  losing  their 
gold  contents  on  passing  into  adjacent  schists.  The  best 
veins  are  laminated  in  structure,  and  carry  large  quantities 
of  sulphurets. 

Australian  gold  is,  on  the  whole,  finer  than  Californian.     Keiativo  iiue 
Mr.  J.  C.  Booth,  of  the  United  States  Mint,  states  t  that  the  lian  an«i  caiifor 
average  fineness  of  California  gold,  derived  from  assays  of   j  ^,  ^^^j^ 
several  hundred  million  dollars'  worth,  is  0.880.    In  Vic- 
toria, which  has  been  the  most  productive  of  the  colonies, 
the  value  of  the  gold  product  is  ofi&cially  estimated  at  £4 
per  ounce,  which  corresponds  to  a  fineness  of  0.942,  nearly. 
From  the  data  given  in  Mines  and  Mineral  Statistics  of  New 
South  Wales  for  the  product  of  that  colony  up  to  the  end  of 
1874, 1  find  the  average  there  0.87G.    Indeed,  Mr.  Clarke 
and  others  have  long  ago  drawn  attention  to  the  remarka- 
ble fact  that  the  fineness  of  Australian  gold  diminishes  from  ^    ^  Auatraim 

the   nnciiess   ui- 

the  south  uoith wards,  and  Dr.  Hector  has  shown  that  the  mmuhcs     trom 

,  1     •      -Lt         ry      1        1  ***®  south  north 

same  law  prevails  m  New  Zealand.  ward. 

Public  r*  cognition  of  the  auriferous  character  of  Austra-  j^^  ^^  ^^^^ 
lia  was  curiously  delayed.!  Count  Strzelecki  discovered an?<>up<>«meiitof 
gold  in  Australia  in  1839,  but  was  restrained  from  publish-  Ha.  ^ 

,  Connt  Strze- 

ing  the  statement  on  account  of  the  danger  of  its  producing  lecki.  isou. 

insubordination  in  the  penal  settlements.    In  1841  Rev.  W.  cj^rk^^M^^'  " 

B.  Clarke  rediscovered  it,  but  the  governor  of  New  South 

Wales  induced  him  to  refrain  from  mentioning  it  on  account 

of  the  prejudicial  efi'ect  it  might  have  on  the  colony.    In 

1844  Murchison  pronounced  it  likely  that  Australia  would    R.  J  Murcw- 

80XL,  1B44> 

be  found  to  be  a  gold-bearing  country.    Gold  nuggets  of 
small  size  were  sometimes  found  by  shepherds,  and  not  only 


*  Gold  Fields  and  Mineral  JHstricta  of  Victoria,  p.  240 

t  Dana's  Mineralogy,  p.  5. 

t  See  Oold  and  Silver,  by  Mr.  J.  A.  PhiUips. 
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AU8TRAUA.     brought  to  the  settlements,  and  even  exhibited  there,  bat 

Its  mineral  re- sent  to  England.    Yet  it  was  not  until  a  returned  Califor- 

Gold.  uian  miner,  Mr.  E.  H.  Hargreaves,  set  to  work  at  Ballarat, 

irreaveB.  that  the  auriferous  character  of  the  country  was  realized. 

Attention  once  aroused,  the  discoveries  of  alluvial  "  dig- 
gings "  multiplied  with  great  rapidity,  and  such  were  soon 
discovered  from  one  end  of  the  Cordillera  to  the  other. 
Quartz  veins  were  also  soon  discovered,  and,  as  in  Califor- 
nia, an  increasing  proportion  of  the  gold  has  been  extracted 
from  this  matrix. 
^  Area  of  gold  The  area  of  the  gold  diggings  varies  from  year  to  year, 
surface  deposits  being  exhausted  and  abandoned.  The  fol- 
lowing are  the  most  recent  data  accessible  as  to  the  extent 
of  ground  being  worked  in : 

Sq.  milM. 

Victoria,  in  1876 1,134 

New  South  Wales,  in  1876 1,370 

Queensland,  in  1873 1, 367 

Australia,  say 4, 000 

TWd  of  quartz  The  yield  of  quartz  per  ton  (2,240  pounds)  varies  in  the  dif- 
ferent colonies,  and  indeed  in  inverse  ratio  to  the  fineness, 
as  might  be  supposed.  The  following  table  represents  the 
gold  per  ton  in  the  parcels  respecting  which  the  mining  offi- 
cers succeeded  in  obtaining  information : 

Os.  Dwt.      Or. 

Victoria,  in  1876 10    13.48 

New  South  Wales,  in  1876 13      8.20 

Queensland,  in  1873 1  14         20 

The  poorest  parcel  crushed  in  New  South  Wales  in  1875 
yielded  only  1  dwt.,  or,  say,  $1  per  ton,  and  in  1876  quartz 
scarcely  better  was  milled.  The  lowest  yield  should  indi- 
cate the  cost,  but  such  rock  can  only  have  been  crashed  in 
ignorance  of  its  contents, 
of  oid^lytehi?d  ^^^  proportion  of  gold  obtained  respectively  from  alluvial 
from  piacera  and  dcposits  and  from  vcins  is  not  precisely  ascertainable.    Of 

from  veiDH.  *  n  ■•         «  •    . 

the  gold,  the  history  of  which  was  learned  by  the  mining 
officers  of  New  South  Wales  in  1876,  more  than  two  thirds 
was  obtained  from  quartz,  but  the  entire  quantity  thus 
traced  was  only  something  like  one-third  of  the  total  prod- 
uct, and  it  is  evident  that  it  must  be  easier  to  get  reports 
from  mills  than  from  diggings.  Ten  years  since,  the  pro- 
portions estimated  in  Victoria  were  just  the  reverse  of  the 
above  relation.  It  seems  probable,  therefore,  that  the  quan- 
tities obtained  by  mining  and  by  washing  are  very  much  the 
same. 
New  Zealand.  Ncw  Zealand  did  not  exhibit  at  Paris.  For  the  sake  of 
completeness,  however,  it  may  be  interesting  to  add  a  few 
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words  on  the  subject  of  that  colony,  which  are  translated     aubtealia. 
from  the  memoir  of  Dr.  A.  Soetbeer :  ♦  itsminereare- 

^^New  Zealand. — In  1852  about  1,000  ounces  of  gold  were    ooid.* 

New  Zealaiid 

obtained  upon  the  east  side  of  the  north  island  at  Cape  Coro-  Dr.  a.  sootbeer. 
mandel,  after  which  the  workings  were  abandoned.    Four 
years  later  a  beginning  was  made  at  the  south,  in  the  prov- 
ince of  Otago.    A  great  increase  in  the  gold  production  of 
New  Zealand  took  place  in  the  summer  of  18C1,  when  new 
and  very  rich  deposits  were  discovered  on  the  Tuapeka    SucceBsive  ais- 
River  and  in  the  Thames  gold  fields.    The  north  island  has  dSriotJ.  **  ^^ 
thus  far  produced  far  less  gold  than  the  south  island,  which 
is  much  richer  in  alluvial  deposits.!    The  most  important 
districts  stretch  along  on  the  western  slope  of  the  mount- 
ains through  Nelson  and  Westland  Provinces  toward  Otago. 
Throughout  Otago,  where  they  are  especially  numerous  and 
rich,  their  distribution  is  dependent  upon  the  slate  rocks. 
The  3'ounger  gold-bearing  drifts  at  the  bottom  of  existing    The  goid-bear- 
valleys  are  distinguished  from  deeper  and  older  alluvia  upon  ferent  prrioda. 
the  declivities.    In  fact,  the  rivers  of  New  Zealand  have 
eroded  theu*  beds  greatly  since  the  formation  of  the  older 
alluvia,  so  that  the  deep  leads,  which  in  other  districts  can 
often  be  reached  only  with  great  trouble  and  expense,  are 
here  not  infrequently  exposed  upon  the  declivities  of  the 
valleys. 

"Hydraulic  washing  on  the  California  plan  has  been  in- 
troduced in  Otago. 

"The  comparatively  small  extension  of  the  gold  districts 
among  the  younger  volcanic  rocks  as  contracted  with  the 
great  development  of  alluvia  from  the  slates  justifies  the 
prediction  that  the  fate  of  New  Zealand  will  be  that  of  Cali- 
fornia.'^ 

The  following  table  exhibits  the  results  of  gold  mining  in  Productofgoid 
Australia  and  New  Zealand.  The  gold  product  of  South  traiia^anS  n?w 
Australia  and  Tasmania  has  been  fitful  and  insignificant. 
The  data  for  Victoria  are  official  reports  of  the  mining  regis- 
trars ;  for  New  South  Wales,  in  part  from  a  similar  source 
and  in  part  from  analyses  of  the  mint  and  custom-house 
reports,  made  by  the  mining  authorities  of  that  colony. 
The  data  foi  Queensland  and  New  Zealand  are  taken  from 
Dr.  Soetbeer's  memoir.     Dr.  S.  arrives  at  all  his  figures  for 


*  Edelmeiall'Produktion  und  Werthverh&ltniss  zwiachen  Gold  und  Silber, 
(Production  of  precioas  metals  and  relatiye  valao  of  gold  and  aUver.) 
This  memoir,  the  most  extensive  that  has  appeared  on  the  subject,  has 
just  been  published  as  an  extra  number  to  ''Petermann'sMitheilungen." 
It  seems  exhaustively  oompUed  and  admirably  digested. 

f  E.  Buess,  Znkuntfi  des  GoldeSf  Wien,  1877. 
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__  Australia  by  discussing  tlie  importation  and  exportatiou  of 
«-  gold,  and  allowing  a  certain  amoimt  for  circulation,  etc.,  in 
the  colonies.  It  is  satisfactory  to  find  tliat  liis  final  result 
ia  only  two  million  poundis,  or  about  three-fourths  of  one  per 
cent,  less  than  that  here  given,  althoagh  less  tban  one-flfth 
of  the  total  has  been  reached  from  the  same  data. 
Id  Value  of  the  Auatralaeian  gold  product. 
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The  mind  fails  t^  grasp  these  sums,  but  some  idea  at  least 
a  may  be  obtained  by  comparison.  I  therefore  add  Dr.  Soe^ 
beei''s  results  lor  the  gold-producing  countries  of  the  world, 
from  the  discovery  of  gold  in  Australia  to  the  end  of  1875. 
1  have  added  the  same  statistician's  estimate  of  the  silver 
product  of  tbe  world  for  the  same  period  for  cumparisoD. 
The  silvui'  production  of  Australia  will  be  mentioned  pres- 
ently. Dr.  Soetbeer  is  responsible  only  tor  the  weights. 
These  I  have  converted  into  terms  of  the  habitual  dollar, 
at  the  rate  of  1  kilo  gold  to  $661,G32,  and  1  kilo  silver  to 
$41,5(i8. 


Tabloofwortd'^  T!ie  utorl^a  product  of  gold  and  nlver,  1B51  to  1875,  incIiMico,  aceor^ng  to 
prodoot  of  gold  .....!..._ 
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Of  the  present  methods  of  treating  gold-bearing  gravela     aubtbaua. 
and  quartz  in  Australia  it  would  be  interesting  to  speak,     it»  mineral  re- 
were  the  necessary  information  furnished  by  the  Exposition,    GoW* 
but  Australia  exhibited  no  mining  appliances ;  a  fact  which  hi^^f^goid.^I 
is  to  be  regretted,  but  of  which  we  cannot  comi)lain,  as ^« ^ppfian*"**- 
American  mining  apparatus  was  equally  conspicuous  by  its 
absence. 

There  are  few  i>la€e8  in  Australia  where  hydrauUc  mining .  infrenuency  ot 

hydraullo  miniug 

is  practicable,  for  lack  of  sufficient  water  supply.  Where  in  Australia. 
alluvial  gold  is  mixed  with  any  adherent  material,  it  has  to 
be  '* puddled"  or  stirred  up  mechanically  with  water,  so 
that  a  separation  of  metal  from  dirt  may  be  possible;  a 
method  avoided  in  this  country  almost  entirely.  Cnidles, 
pans,  etc.,  seem  also  in  vogue  in  Australian  diggings. 

For  crushing  quartz  the  stamp  miU  is  there  as  here    stamp  miii». 
almost  the  only  machine  employed.     Data  are  not  accessi- 
ble as  to  their  construction  and  duty,  but  the  inference  from 
what  we  know  is  not  favorable.    In  187G  there  were  1,326 ,,    stAtuiica  of 

^         the  number  and 

stamp-heads  at  work  in  New  South  Wales,  according  to  the P^S^'^mmT    °* 
i-eport  of  the  Minister  of  Mines.     But  if  the  quartz  ran 
$13.50,  and  if  half  the  gold  was  produced  from  quartz,  this 
large  number  of  stamps  must  have  crushed  only  in  the 
region  of  370  tons  per  diem.    The  loss  is  estimated  at  21.8    Lo«w. 
per  cent.    Mr.  G.  T.  Deetken  calculated  the  loss  at  Grass    G.x.Deetkeu. 
Valley,  Cal.,  at  27  per  cent.    (Mining  Commissioner's  Re- 
port for  1873,  p.  333.) 

In  respect  to  the  treatment  of  pyrites,  the  Australian  colo-     Treatment  of 
nies  are  making  vigorous  efforts  to  develop  some  method  ^^" 
more  economical  or  better  suited  to  the  ordinary  conditions 
of  gold-mining  localities  than  has  hitherto  been  brought  to 
public  attention.     The  Plattner  chlorination  process  has    piattner'achio 

1  1  ••4ii*/»*i.i  »A  •        rination  process. 

done  good  service  m  California,  but  onl}^  pyntes  carrying 
$20  or  so  per  ton  will  pay  for  treatment.    In  England  vast 
quantities  of  i)yrite8  are  treated  at  small  cost,  but  in  con- 
nection with  the  sulphuric  acid  manu£^ture  and  iron  smelt- 
ing; industries  ordinarily  absent  from  gold-mining  localities. 
A  process  for  the  treatment  of  this  material  should  be  self-    a  new  prooess 
contained,  or  nearly  so,  and  admit  of  the  utilization  of  at  least  ti^  copper  and 
the  copper  and  silver  as  well  as  the  gold.    The  subject  is  one  the  gold, 
well  worthy  of  the  attention  of  California  engineers,  who 
will  find,  among  other  Australian  publications,  a  paper  by 
Mr.  W.  A.  Dixon  in  the  eleventh  volume  of  the  Journal  of  w.  A.Dixon. 
the  R.  8,  of  New  South  Wales  of  interest. 
Silver. — But  little  attention  hais  been  paid  in  Australia  to      suver  auooi- 

ated    witli    the 

silver  ores.    It  may,  however,  be  worth  while  to  point  out  gold. 
that  native  gold  always  contains  silver,  and  that  conse- 


236  UNIVERSAL   EXPOSITION   AT   PARIS,  1«78. 

AuarntiLu.     quently  a  very  considerable  quantity  of  silver  has  aocompa- 
it»  mineral  re- nied  the  Australian  gold  product  into  commercial  channels. 
Silver.  The  value  of  this  silver  is  relatively  so  small,  that  it  can- 

not be  taken  into  consideration  in  the  official  estimates  of 
•UveTiSSoSLted  *^®  value  of  the  gold  product.  In  Victoria  the  value  of  the 
with  the  gold.  gQ|(j  p^j.  quucc  is  estimated  at  four  pounds,  con-esponding 
to  a  fineness  of  iiearlv  0.942,  or  about  22i  carats.  The  re- 
maining  0.058  silver  would  have  a  value  amounting  to  less 
than  one-half  of  one  per  cent,  of  the  total  value  of  the  bull- 
ion, and  it  is  pretty  certain  that  the  official  estimate  does 
not  possess  this  degree  of  accuracy. 

In  spite  of  the  inaccuracy  of  the  estimate  of  the  mean 

value  of  the  gold  bullion,  the  data  may  be  used  to  estimate 

the  amount  of  silver  obtained  with  the  gold.    The  records 

show  that  the  average  fineness  of  Australian  gold  is  not  far 

Amoant  of  wi-  from  22  carats,  or  0.916*4.    The  weight  of  the  silver  contents 

▼er   couteutM  of     _ 

the  gold  bullion-  of  the  gold  bulliou  has,  then,  been  one-eleventh  of  that  of 

the  gold.  If  one  ounce  of  silver  is  taken,  according  to  Ameri- 
can law,  at  $1.2029,  this  calculation  leads  to  an  amount  of 
silver  worth  a  little  over  seven  million  dollars  on  my  esti- 
mate of  the  gold  product  up  to  the  end  of  1876. 

saver  oTw.  Ores  the  valuable  contents  of  which  is  distinctively  silver 
are  found  in  patches  through  the  gold  districts  of  Australia, 
not,  as  in  Western  America,  in  separate  belts  of  country. 

Productin  Vic  The  amouut  of  silvcr  produced  from  silver  ores  in  Victoria 
to  the  end  of  1876  is  officiaUy  estimated  at  a  value  of 

In  New  South  £21,206.    Ncw  South  Wales  has  produced,  up  to  the  same 
***  date,  £105,466  worth  of  this  metal.    Queensland  appears  to 

claim  no  silver  product.  The  value  of  the  silver  from  silver 
ores  has  there  amounted  only  to  some  $600,000. 

Tin.  Tin. — The  uniformity  in  the  character  of  tin  deposits  all 

over  the  world  has  long  been  a  subject  of  remark,  and 
Australia  has  no  exception  to  offer.    Here,  too,  it  occurs  in 

Alluvial  depoa  alluvial  dcposits  of  various  ages,  and  in  place  in  lodes  and 
reticulated  veins,  less  properly  described  as  "strings,"  in 

D.  Forb€8, 1859.  granite  and  greisen  rocks.    Mr.  D.  Forbes,  ss  far  back  as 

sunniferons  1850,  reccivcd  8i>ecimens  of  stanniferous  granite  from  New 

South  Wales,  and  found  them  "i}erfectly  identical  with  the 

stanniferous  granites  of  Cornwall,  Portugal,  Bolivia,  Peru, 

and  Malacca,"  and  Banca  and  Billiton  might  have  been 

Tin  ore  found  added  to  the  list.    The  tin  ore  is  frequently  found  associated 

Msociftted    witli 

gold-  with  gold,  which  indeed  it  greatly  resembles  in  its  lithologi- 

cal  behavior.    It  is  nearly  always  associated  with  quartz, 

Crv»tai(»ofca»-many  crystals  of  the  latter  mineral  showing  crystals  of 

aite  *^*°*i'»*»^*  ^3asj;jj[tej»i|;^  iuibeddcd  in  and  imx)lanted  upon  them,  whence 

the  conclusion  seems  inevitable  that  their  deposition  has  been 
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BimultaDeous.    Arsenical  and  copper  pyrites  are  also  asso-     aostiiaua. 
ciated  with  the  tin-stone,  and  diamonds  and  sapphires  occur    lu  mineral  r»- 
in  the  same  leads.    Their  high  specific  gravity  and  perfect   Tin. 
resistance  to  atmospheric  action  account  in  part  for  the 
occurrence  of  gold  and  tin-stone  together  in  alluvial  deposits. 

The  stream  deposits  are  not  confined  to  the  beds  or  banks    stnam  depM- 
of  present  water-courses.    They  often  extend  high  up  the 
sides  of  the  valleys  of  the  present  streams  (indicating  ero- 
sion), and  are  also  found  in  "deep  leads"  or  the  beds  of  Deep  lead*, 
ancient  streams.    The  only  source  of  the  tin  seems  to  be      Om^te*  the 

*^  ...  eouroe  of  tin. 

the  granites.  On  high  ground,  cassiterite  is  sometimes 
found  over  granite  in  unworn  crystals,  and  existing  there 
as  a  residuary  deposit.  The  granites  are  Paleozoic,  and,  ac- 
cording to  Mr.  Clarke,  Devonian.  The  veins  do  not  exhibit 
a  uniform  strike  as  in  Cornwall. 
The  tin  fields  of  Australia  center  on  the  eastern  cor-  ^^  .f^^iif®"  °' 

the  tin  fields. 

dilleia,  about  half-way  up  the  coast,  and  near  the  bourn laiy 
between  New  South  Wales  and  Queensland,  though  there 
is  tin  ore  in  the  southern  portion  of  New  South  Wales  and 
in  Victoria,  and  very  valuable  discoveries  have  been  made 
in  Tasmania.*  The  area  of  the  New  South  Wales  fields  is  -^rcoa. 
estimated  at  6,250  square  miles,  and  that  of  the  Queensland 
tin-bearing  district  at  100  square  miles. 

Rev.  W.  B.  Clarke,  whose  aetive  sliare  in  the  investiga-^j^^j^^-  ^^  ^ 
tion  and  development  of  the  mineral  resources  of  Australia 
has  so  often  been  referred  to,  was  the  first  to  draw  attention 
to  the  i>robable  occurrence  of  extensive  deposits  of  tin  ore 
in  Australia.    His  prediction  was  made  in  a  report  to  t^®  in^^^^iio  ^2^ 
colonial  secretarj^  of  New  South  Wales,  dated  May  7,  1853,  coveiY^f  tin  ore 
tlie  subject  of  which  was  the  district  of  New  England,  the 
same  which  became  so  famous  for  its  tin  deposits  in  1872. 
No  pra(».tical  notice  was  taken  of  Mr.  Clarke's  observation. 

The  existence  of  tin-stone  was  i*ecognized  in  Victoria  dur-  ^*^**^®  ^ 
ing  the  same  spring.  The  occurrence  of  tin  in  the  more 
southern  colony  is  comparatively  trifling,  but  the  discovery 
was  not  entirely  overlooked  as  in  New  South  Wales.  As 
has  been  i)ointed  out  in  the  report  on  the  mineral  industry 
of  Great  Britain,  relatively  considerable  quantities  of  tin- 
stone and  tin  were  obtained  in  Australia  long  before  1872. 
This  appears  to  have  come  exclusively  from  Victoria,  which 
still  produces  a  few  scores  of  tons  a  year,  a  quantity  quite 
insignificant  in  comparison  with  the  recent  yield  of  New 


•  See  paper  by  Mr.  Wiiitlo,  Trans.  Ji.  S.  of  A7ir  Sou(h  WaleSy  vol. 
9,  p.  87.  The  deposits  seem  to  present  great  peculiarities,  the  ore  oc- 
corriDg  iu  sharp  detritus  and  often  in  lumps  weighing  hundreds  of 
pounds. 
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AUSTRALIA.     Qoutb  Walcs  and  QueenslaDd.    Aecordiug  to  the  Victorian 
itt  mineral  re-  Year  BooJc  for  1876-^77,  the  total  value  of  the  tin  raised 

§ouree9. 

Tin.  since  its  first  discovery  in  that  colony  waa  £336,391,  repre- 

Productof  Vic-  senting,  perhaps,  3,000  tons  of  metal.    The  product  of  1875 
^"^  aud  1876  cannot  have  been  far  from  60  tons  per  year. 

Tin  in  New  The  fact  of  the  cxistencc  of  tin-stone  in  the  northern  part 
of  New  South  Wales  fell  so  entirely  into  oblivion  that  in  a 
government  volume  entitled  Industrial  Progress  of  New 
South  Wales  in  1871,  an  essay  on  the  mineral  resources  of 
the  colony  contains  no  mention  of  this  metal.  Since  1872 
great  quantities  of  tin  have  been  extracted,  mainly  from 
stream  deposits,  and  the  business  of  tin  smelting  has  been 
rapidly  mastered.  The  returns  of  the  tin  raised  and  smelted 
are  confessedly  imperfect. 
As  the  great  tin  fields  lie  close  upon  the  holders  of  New 
iB  Queensland.  Soiith  Wales  and  Queensland,  the  discovery  of  tin-stone  in 
the  latter  colony  was  simultaneous  with  that  in  the  former. 
The  data  accessible  to  me  for  the  production  in  Queensland 
are  exceedingly  unsatisfactory,  for  in  1874  I  have  the 
product  for  the  first  quarter  only,  for  1875  nothing,  and 
for  1876  only  a  statement  of  the  value.  In  the  following 
table  I  liave  calculated  the  contents  of  the  tin-stone  raised 
at  70  per  cent,  metal,  and  estimated  the  missing  figures  as 
well  as  I  could.  These  unauthoritative  sums  are  printed  in 
bold-faced  figures : 


Table  of  pro- 
duction of  tin  in 
Australia. 


Approximate  production  of  tin  in  Australia. 


KBW  SOUTH  WALKS. 

,  _  _   _ 

I       I        \    Ji 

Tout.  Tont. 

'W2 i|?S:.  «1  "8 

!«" i{?!S:;'-Si}  «.**• 

'"4 \{^::l\^i\  «.»84 

i«» 'V^^::l^l  ».«3 

's^o WiZvkZi  «•»«» 

Total    33»609 


QUEENSLAND. 


V 

I 

£ 

o 

a 

•»• 

H 


Tons. 
1.400 

5,274 

5,440 


a 
it 


5p 


Tong. 
980 

3,609 

3,808 

3,500 

2,800 


p 

e 

0. 


o 
H 


Tom. 
1,578 

7,141 

0,393 

10,073 

9,305 


14,780       38.380 


EnjiiHiitinpro-Or,  adding  3,000  tons  for  Victoria,  the  total  becomes, 
say,  4 1 ,000  tons.    The  English  tin  product  for  1876  was 
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9,500  tons;  Bancii  and  Billiton  produced  together  about     alstralu. 

C,600  tons.  Its  mineral  f. 

Mourcti. 

Mr.  Wilkinson  attributes  the  falling  off  in  the  tin  product    Tin. 
to  the  exhaustion  of  the  more  accessible  alluvial  deposits. 
The  washing  of  the  tin-stone  is  effected  either  in  sluices  or  ,  ^  waah  ng  in 

hliuces  or  Jigs. 

jigs.   As  in  the  treatment  of  placer  gold,  the  lack  of  an  ample 
water  supply  is  severely  felt.    Wolfram  seems  not  to  occur 
with  the  tin-stone  to  any  considerable  extent.    The  smelt-    smelting. 
ing  is  effected,  as  in  England,  in  reverberatory  furnaces. 

Copper. — South  Australia  contains  some  of  the  finest  cop-    ^'o|>p<^r. 
per  mines  in  the  world.    Thi^  following  somewhat  meager 
account  is  extracted  from  a  Stathtical  Slceich  of  South  Am-    south  Austra- 
traliaj  by  ]\Ir.  J.  Boothby : 


J.  Boothby. 


"The  principal  mines  are  the  Burra,  the  Wallaroo,  and  the 


Moonta  minea. 


Moonta.*     From  the  first  of  these  215,000  tons  of  ore  were    Product  of  th© 

raised  during  31  years  from  the  commencement  of  opera-  ^^^rnfniuips*' 

tions,  producing  four  millions  sterling.    The  total  amount  ex-  ^^'°'**^*  ""** 

pended  by  the  company  was  £1,082,000,  of  which  £1,508,000  ^"^ 

represented  wages,  the  gross  profits  being  £882,000.     Since 

the  opening  of  the  Wallaroo  mines,  the  total  quantity  of  waiinroominea. 

ore  raised  therefrom  has  been  290,000  tons,  and  the  average 

of  the  past  five  years  has  been  26,000  tons.    Tlie  Moonta 

mines  were  discovered  in  1801,  since  which  year  250,000 

tons  of  ore  have  been  raivsod,  realizing  £2,700,000.    A  profit 

of  £028,000  has  been  divided  amongst  the  shareholders  of 

this  magnificent  property. 

"  In  1844,  shortly  after  the  discovery  of  copper  in  South 
Australia,  the  total  value  of  the  minerals  exported  was 
£0,436 ;  in  1851  it  reached  to  £310,016 ;  in  1801  it  amounted 
to  £454,172;  in  1871  to  £048,560;  in  1875  to  £762,386. 

**The  following  table  exhibits  the  steady  productiveness        Product  of 

1.  a       XI      A        X      V  •  1-   X-  •   1        ^.1  4.-4.         ^ South  Australian 

of  South  Australian  mmes,  distmguishes  the  quantity  of  mines,  1866-1875. 
fine  copper  shipped  from  the  quantity  of  ore  exported  in 
its  crude  state,  and  gives  the  estimated  value  of  each: 


Minerals  ex- 
ported, lKi4-1875. 


Years. 


iseo 

1897 
1808 
I860 
1870 
1871 
1872 
1873 
1874 
1875 


'           Finoe 

1 

opper. 

Copper  ore. 

Cwt. 

1 
Tom. 

129, 272 

£584,509 

10,824 

£225,083 

1        150, 803 

627,384 

11,430 

113, 409 

1        104,227 

400, 601 

20,725 

207, 519 

1          92, 788 

371,560 

20,835 

250,259 

I        109, 4J1 

394, 919 

20.880 

173, 801 

1        127,911 

518, 080 

20, 127 

110, 903 

140, 050 

080,714 

20.064 

122, 020 

141, 744 

0:{5. 131 

27,382 

13.1,  371 

132,587 

557,300 

22.854 

130. 530 

130,836 

1 

578,005 

20.430 

175. 101 

Total  value. 


£824,501 
753, 413 
024, 022 
027, 152 
574, 090 
648,509 
800.304 
770,  690 
700, 323 
702. 380 


*  Bnira  ia  GO  miles  from  Adelaide,  on  the  eastern  slope  of  the  South 
Australian  range.  Wallaroo  and  Moonta  are  close  together,  75  miles 
from  the  capital,  near  the  base  of  Yorko  Peninsula. 
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AusTnALiA.  a  The  smelting  works  in  connection  with  these  mines  are 
itt  mineral  re- of  a  Very  extensivc  and  costly  character,  employing  a  large 
Copper.  amount  of  skilled  labor." 

Copper  is  also  found  in  large  quantities  along  the  eastern 
DirtribuUon  of  cordillcra,  distributed  over  a  somewhat  wider  belt  of  coun- 
e  copper  ore.    ^^^  Hxq^h  the  orcs  of  the  Other  metals.    The  copper  in  the 

eastern  colonies,  however,  labors  under  some  disadvant- 
ages in  the  unfavorable  position  of  the  mines  for  trans- 
portation, the  large  capital  necessary  to  establish  smelting 
works,  etc.  The  returns  of  copper  ores  raised  and  smelted. 
Copper  DTO-  as  well  as  those  of  tin,  are  very  imperfect.    Up  to  1874  the 

dootion  of  New  .  o.-^         i*  ^   it  i  i     •       -kt 

3oaih  Wales,      maximum  quantity  of  metallic  copper  produced  in  New 

South  Wales  was  665  tons ;  but  for  the  years  1874, 1876, 
and  1876,  respectively,  the  ingots  exported  weighed  3,628, 
6,245,  and  3,106  tons.  A  small  quantity  of  ore  and  reguius 
continues  to  be  exported.  The  total  value  of  the  copper  in- 
dustry in  New  South  Wales  before  1874  is  estimated  officially 
at  about  £500,000,  and  for  the  years  1874,  '75,  and  ^76 
together  at  a  little  over  a  million. 

Quecxisianti.  Queensland  produccs  some  copper  ore,  and  copi)er  mining 
is  there  regarded  as  one  of  the  industries  of  the  future. 
The  value  of  the  copper  and  copper  ore  exported  in  1872 
was  £234,540;  in  1873,  £189,479;  and  in  1876,  £172,380. 
Copper  hiis  figured  among  the  exports  of  Queensland  ever 
since  1862. 

Victoria.  Victoria  produces  only  a  trifling  amount  of  copper,  the 

amount  raised  up  to  the  end  of  1876  being  valued  at  only 
£8,331. 
These  desultory  data  convey  very  little  idea  as  to  how 

copp^roduct  much  coppcr  Australia  has  produced.  A  rough  approxima- 
tion may  be  made  as  follows : 

Value  of  copper  and  copper  ore  raised  in  South  Australia 

to  the  close  of  1875 £14,404,568 

From  the  product  of  former  years  wo  may  estimate  for 

1876 Y50,000 

Value  of  copper  prochict  of  Victoria  to  end  of  1876 8, 331 

Value  of  product  of  N6w  South  Wales  to  end  of  1876. ...  1, 566, 232 

Value  of  Queensland  product  to  end  of  1873 955, 592 

Value  of  Queensland  product  for  1876 172, 380 

Value  of  Queensland  product  for  1877  and  1875,  estimated 

same  as  1876 844,  Y60 

Value  of  Au8-         Total  value  of  Australian  product 18, 201, 863 

traliab       copper 

^  i»rrc^  of  cop-     The  average  price  of  copper  (tough  cake)  in  England  for 
^^'  the  years  1870  to  1876  (7  years)  was  within  twopence  of 

£84  10s.  But  a  large  proportion  of  the  copjier  raised  in 
Australia  was  exported  as  ore  and  valued  accordingly.    The 
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price  of  copper  ore  containing  20  per  cent,  copper,  in  Swan- austkaua. 

sea,  is  about  80  per  cent,  of  the  market  value  of  the  copper    lu  mineral  re- 

'  toureei. 

therein  contained.    For  lack  of  data  we  may  suppose  one-    copper. 

half  of  the  copper  in  ingots  and  one-half  as  ore ;  or  that  the 

value  i)er  ton  of  the  copper  raised  as  it  was  exported  was 

90  per  cent,  of  the  market  price  of  tough-cake  copper,  or,    vaiuo  of  cop 

/>-/»  J.  mi-  J.'         ^       T    J.  xxi  'perproduct. 

say,  £i6  per  ton.  This  assumption  leads  to  a  total  copper 
product  for  Australia,  to  the  end  of  1876,  of  about  240,000 
tons.    In  1876  Great  Britain  produced  about  4,700  tons. 

Coal. — Large  coal  fields  exist  along  the  cordillera  of  East    ^"•4\xii 

*^  ^  Cordilleras  of 

em  Australia.    A  somewhat  animated  discussion  has  been  Eastern  Anstm 

lio. 

carried  on  regarding  their  geological  position,  viz,  as  to 
whether  they  are  Paleozoic  or  Mesozoic,  a  question  thought 
to  bear  forcibly  upon  the  probabilities  of  their  extent  and 
quality.  The  discussion  originates  in  the  fact  that  the 
greater  part  of  the  fossils  found  in  the  coal  beds  aredis-.    Fusils  pi^cu 

^  *  liartothoontbra- 

tinctfrom  any  recognized  in  Europe  as  characteristic  of  thecitocoaibe<i». 
carboniferous  formation.  Especially  is  this  the  case  with 
plants  of  the  genus  Olossopteris^  which  are  characteristic  of 
the  most  valuable  portion  of  the  Australian  coals.  The 
evidence  of  the  fossil  fauna,  however,  seems  to  have  de- 
cided the  question  in  favor  of  the  Paleozoic  character  of  the   PaUmotc  char 

actor  of  the  pria- 

main  deposits.    There  are  also  large  fields  of  Mesozoic  coal  cipai  b^is  mai 

_  _  _      ^  -  -I-.        ^  catcd  by  the  fos 

of  less  but  by  no  means  small  value.  siifaima. 

The  position  of  the  coal  fields  is  mainly  between  the  cor-    ,  ^2'^^i^T  ""'! 

•■■  •^  extent  of  the  coui 

dillera  and  the  coast,  and  while  the  gold  deposits  center  in  fi^i<K  New  south 
Victoria,  the  coal  fields  are  most  abundantly  developed  in 
Kew  South  Wales.    These  coal  fields  extend  northward  into 
Queensland,  which  unquestionably  possesses  numerous  quan- 
tities of  coal,  hitherto  almost  untouched.    Victoria  also  i)os-    victoria, 
sesaes  coal,  chiefly  Mesozoic.    The  carboniferous  formation 
in  Victoria  is  very  much  broken  up,  and  Mr.  Selwyn  has  re-  A.RC.Seiwyn. 
ferred  to  the  drifted  origin  of  the  material  forming  the  Pa- 
leozoic coal  of  Victoria  as  precluding  the  probability  of  the 
existence  of  workable  coal  seams  in  the  Victoria  coal  meas- 
ures.   In  contrast  to  this  condition  of  things,  Mr.  Wilkin- 
son remarks  upon  the  frequent  occurrence  in  the  coal  seams 
of  New  South  Wales  of  tree  trunks,  upright,  and  evidently    Tree  trunks  lu 
undisturbed. 

Reports  of  the  discovery  of  coal  beds  in  South  Australia    south  Austra- 
have  been  circulated  from  time  to  time,  but  have  hitherto, 
so  far  as  I  know,  proved  groundless.    Coal  has  long  been 
known  to  exist  on  the  west  coast  of  Western  Australia,  but   T«»*«™  ^"'♦• 
it  is  not  worked  to  any  considerable  extent. 

The  developed  coal  fields  are,  then,  to  all  intents  and  pur-   Principal  locai- 
poses,  confined  to  New  South  Wales,  though  Queensland    *■**"* 

16  p  R ^VOL  4 
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AUttTRAUA.     claims  24,000  square  miles  of  developable  coal  lauds,  and 
Its  mitierai  re- Yictoria  has  miucd  some  $60,000  worth  of  mineral  fuel, 

cbiefly  at  Cape  Paterson,  up  to  tue  end  of  1876. 

^o^*  The  following  extract  from  the  official  catalogue  of  the 

exhibit  of  New  South  Wales  contains  valuable  information: 

wai  ^^^  **"*'*     ''  '^^^  approximate  area  of  the  carboniferous  strata  is  esti- 

Area  of  carbo-  mated  at  23,050  square  miles.    The  principal  coal  beils  exist 

niferoaa  strata.  '  *  *  *  r«  . 

along  the  coast  to  the  north  and  south  of  Sidney.  The  mines 
just  opened  are  situated  in  the  immediate  vicinity  of  New- 
castle, and  it  is  from  there  that  the  colony  obtains  its  largest 

Lie  of  the  coal,  supply.  The  coal  lies  near  the  surface,  and  the  greatest 
depth  to  which  shafts  have  yet  been  sunk  is  less  than  500 
feet.    In  many  districts  the  coal  croi)s  out  on  the  face  of  the 

Cost  of  mining.  \i\\\^^  and  cau  be  cheaply  got  by  driving  tunnels.  The  cost 
of  mining  is  from  3^.  to  58.  Qd.  per  ton. 

^^*y_^.i^        '' Experiments  with  the  New  South  Wales  coal  at  the 

Report  xrom 

Royal   Arsenal,  Royal  Arscnal,  Woolwich,  in  1858  and  1859,  showed  that 

Woolwich.  »'  7  7  7 

for  steam  purposes  it  was  only  7  per  cent,  inferior  to  the 
best  Welsh  coal,  and  that,  as  regards  the  manufacture  of 
gas,  it  produces  upwards  of  9,000  feet  per  ton,  with  an  illu- 
minating x>ower  24  i)er  cent,  greater  than  the  English  vari- 
Diroctor  of  cty  kuowu  as  Wliitworth.  The  government  director  of  the 
componios.  ^*^  Indian  railway  companies,  in  his  report  to  the  Secretary  of 

State  for  India  (1868-'69),  refers  to  the  quality  of  AustraliMi 
coal.    He  says :  '  It  has  been  tried  on  some  of  the  lines  of 
Western  India,  and  has  been  well  rejiorted  on.    The  expe- 
scindo  Railway  rience  of  the  locomotive  superintendent  of  the  Scinde  Com- 
"**"^cSmiion»on  pauy  is  that  it  is  equiil  to  Welsh  coal  in  all  respects ;  its 
evai)orative  power  is  nearly  equal  to  Welsh  coal,  and  the 
consumption  jH'r  mile  is  less.    The  price  hitherto  has  been 
under  that  of  English  Welsh  coal.' 
John  Maciccn-     ^^Tlic  govcmment  examiner  of  coal  fields  (Mr.  John  Mac- 
kenzie, F.  G.  S.)  estimates  that  one  seam  of  coal,  after  al- 
Estimat^  lowing  onc-thinl  for  loss  and  waste  in  getting,  will  yield 

vitf^lcT       of      ooaI  ^.^ 

seams.  84,208,298,667  tons.    It  has  been  ascertained  by  the  Rev. 

Rev.  w.  B.  w.  B.  Clarke  and  the  examiner  of  coal  fields  that  there  are 

Clarke. 

in  the  upper  coal  measures  at  least  16  seams  of  coal,  each 
more  than  3  feet  thick.    One  seam,  whoso  outcrop  is  near 

w.KiM'no.  Stroud,  described  by  the  late  Mr.  W.  Keene,  is  more  than 
30  feet  thick,  as  tested  by  several  tnal  pits  sunk  on  the  dip 
side;  and  another,  whose  outcrop  is  near  Wallerawang, 

A.  Liversidse.  recently  examined  by  Archibald  Liversidge,  esq.,  professor 
of  geology  in  the  University  of  Sydney,  is  17  feet  6  inches 
thick.  The  i)rincipal  seam  from  which  coal  is  now  being  ob- 
tained is  from  8  to  10  feet  thick,  the  coal  being  firee-bnming 


ZIC. 
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and  bitumiDOus — suitable  for  household,  steam,  smelting,     aistbaua. 
gas,  and  blacksmith's  purposes.  ^««  mineral  re 

"Mr.  R.  W.  Moody,  miuing  engineer,  gives  the  following   coai.* 
description  of  coal  land  on  the  southeastern  coast:  ^The  5 
seamsof  coal  contained  in  these  600  acres  will  yield 31 ,250,000  _       ^^coai  ot 

'  the  (H)utnea«t«ni 

tons  of  coal,  which  will  supply  a  vend  of  1,000  per. day  forecast. 
over  100  years ;  and  this  is  independent  of  the  exceedingly 
rich  bed  of  kerosene-oil  shale,  which  is  sufficient  to  yield       Kenftx^neou 
2,000  gallons  of  refined  oil  per  week  for  over  72  years.    The "  *  ^^ 
position  of  all  the  seams  is  so  favorably  situated,  that  the 
coal  from  each  can  be  got  by  tunneling  into  the  mountain 
rauge,  and  conveyed  to  the  proposed  railway  terminus  be- 
low by  self  acting  inclined  planes.'    Writing  of  the  upper 
coal  measures  in  the  western  district,  the  government  geolo- 
gist (C.  S.  Wilkinson,  esq.,  F.  G.  S.)  says:  'They  are  480   c. s. wiikinwn 
feet  thick,  resting  conformably  on  the  marine  beds  of  themeasaroA!^^^ 
lower  coal  measures,  and  overlaid  by  more  than  500  feet  of 
Hawksbury  sandstone.    Eleven  seams  of  coal  have  been 
counted  in  them :  the  lowest,  which  is  10  feet  thick,  lies 
about  25  feet  above  the  marine  beds,  and  is  the  same  seam 
worked  by  Bowenfels,  Eskbank,  Lithgow  Valley,  and  Vale 
of  Clwydd  Collieries.    This  seam  of  coal  crops  out  on  the 
surface  on  the  railway  line  near  Bowenfels.    It  dips  at  a  low 
angle  of  3  to  5  degrees  to  the  northeast,  and  is  therefore 
easily  worked ;  and  as  it  passes  under  the  vast  extent  of 
mountain  ranges  to  the  north  and  east,  it  will  be  inexhausti- 
ble for  generations  to  come.'" 

The  following  table  of  the  output,  home  consumption,       stausuca  of 
and  mean  yearly  price  of  coal  in  New  South  Wales  is  taken  sumpUoS." '  ^d 
from  the  Annual  Eeport  of  the  Department  of  Mines  for  ^'^® 
1876: 

Coal  in  Iftm  South  Wales. 
[Output,  ooii8iiinpti<m,  and  price.] 


Yearg.  '     Output      ^*7£i"'*'  '      P^ce. 


tion. 


2\m#.  Ton*.  t.    d. 


182»-lf4B I  8,110.076 

1870.... I  808,564  290,175  1  7  8.64 

1871 1  898,784  383,855  I  7  0.47 

1872 1.012,426  343,310'  7  9.92 

1878 1,192,862  419,783  1  11  L94 

1874 '  1,804,567  431,587  i  12  1.37 

1875 I  1,829,729  402,722  |  12  ^89 

1876 i  1,819,918  451, 101  i  12  2.06 


Total I  16.036,926 


New  Zealand,  which  seems  to  form  the  other  edge  of  a   nuw  Zealand 
great  submerged  basin  whose  western  boundary  is  the 
Bast  Australian  cordiUera,  possesses  immense  coal  fields. 
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AUSTRALIA,     the  pFoduct  being,  it  is  stated,  even  superior  to  that  of  New 

lu  mineral  re  South  Wales,  Tasmania  also  is  rich  in  coal,  of  which  a  few 
thousand  tons  are  yeariy  raised. 

Kero«ene  shale.  Nearly  allied  to  coal  is  the  *' kerosene  shale,"  "  kerosene- 
oil  cannel  coal,"  or  Australian  boghead  mineral.  Boghead 
coal  is  of  limited  local  occurrence  in  Scotland.  It  consists 
chiefly  of  the  mineral  torbanito,  which  is  nearly  allied  to 
cannel  coal,  and  contains,  according  to  Dana,  carbon  82.19, 
New  South  hydrogen  11.64,  oxygen  6.17.    In  New  South  Wales  bog- 

^  ^  head  coal  and  similar  bituminous  shales  are  found  exten- 

sively in  association  with  the  coal  beds — the  boghead  some- 
times passing  over  into  ordinary  coal,  sometimes  interstrati- 

Aroaofworka-fied  with  it.    The  official  estimate  of  the  area  of  workable 

ulo  seaiiMi. 

seams  of  this  substance  in  New  South  Wales  is  660  square 
miles.  The  value  of  boghead  and  similar  coals,  both  for 
the  manufacture  of  an  oil  resembling  petroleum  and  for  gas 

Yield  of  Hart-  manufacture,  is  well  known.  The  Hartley  shale  yields  from 
150  to  160  gallons  of  oil  per  ton,  or  18,000  cubic  feet  of  gas, 
with  an  illuminating  power  equal  to  40  candles.  This  is 
more  than  is  commonly  claimed  for  the  Scotch  boghead. 

AnaiysiB.  All  analysis  ♦  of  best  Hartley  shale  gave : 

Volatile 86.6 

Fixed  carbon 6.8 

Ash 6.6 


100.0 

Export.  The  mineral  is  largely  exported  for  gas-making.    The  oil 

CompotitioD  compctcs  iu  Australia  with  American  petroleum,  but  appar- 

with     American        .,         ....  .  •••«/»  ^  ±.t  •• 

petroienm.  eutly  With  uo  great  margin  in  its  favor,  as  one  of  the  princi- 
pal sources  of  supply  seems  to  be  worked  or  not  acxx)rding 
to  the  market  rate  for  petroleum.  The  oil  is  said  to  be  equaJ 
\o  American  i>etroleum  in  illuminating  jwwer,  and  superior 
iu  safety ;  and  Mr.  Reid  reports  that  the  oil  of  the  New 
South  Wales  Shale  and  Oil  Company  "has  secured  the 
market  to  the  extent  of  300,000  gallons,  with  increasing  de- 
saie«.  raand.''    From  the  returns  in  the  mining  reports  of  shale 

raised  by  them  it  is  plain  that  this  is  their  aggregate,  not 
the  yearly  sale  of  this  company. 

The  amount  of  shale  obtained  in  Victoria  appears  to  be 
insignificant,  and  in  Queensland  no  attention  has  as  yet 
been  paid  to  it. 

The  following  table  exhibits  the  progress  of  the  oil-shale 
industry  in  New  South  Wales : 


*  Mineral  Map  and  Oeneral  SiatitHcB  of  New  South  Wdlm. 


MINING  INDUSTKIES:   COMMISiilONEB  HAGUE. 


245 


Kerosene  oil  8hale,  aubtraua. 

. Jtt  mineral  rt- 

'  .^    .  towrces. 

Years.  I  Q^HSI-^ii' ^    Priceperton.  Kcrosene-oU 

,        tone.  *'  sliale, 

—  'i  "  — ^—— ^-^— — — 

I  &  i.  d.      Production  and 

1866 ,                  070;  4  2  5. 47  price,  1865-1870. 

1886 2,770  2  18  10.48 

1867 1  4.070'  \\  14  9.21 

1868 1  16.952  1  2  17  7.11 

1869 1  7,500  2  10  0 

1870 8,580!  3  4  3.18 

1871 1  14,700  I  2  U  3.91 

1872 1  11,040  2  11  11.91 

1873 17,850  I  2  16  0.55 

1874 1  12,100,  3  5  1.48 

1876 1  6,197  2  10  2.22 

1876 1  15,998  i  3  0  0 

Total 118,336  ,.. 

Average , '    2    14    10.95 

Lead, — Ores  of  lead,  largely  argentiferous,  are  known  to  Lead, 
exist  in  Australia,  and  a  few  thousand  dollars'  worth  of  the 
metal  have  been  produced  in  South  Australia  and  Victoria. 
In  New  South  Wales  the  plumbiferous  area  is  estimated  at 
500  square  miles,  but  there  are  no  returns  of  product  and 
no  mines  working. 

As  a  mineralogical  curiosity  it  may  be  mentioned  that 
Mr.  Smyth  states  *  the  occurrence  of  native  lead  sometimes 
studded  with  gold  in  deep  gold  leads  at  Talbot  and  Avoca, 
where  they  have  frequently  been  seen  in  situ  by  competent 
witnesses.    The  specimens  have  not  been  analyzed. 

Antimony. — Antimony  is  met  with  in  various  localities  in    Antimony. 
New  South  Wales.    From  1871  to  1874  72  tons  of  the  ore, 
valued  at  £897,  were  treated.-    In  1876  the  production  was 
142  tons  regulus,  valued  at  £5,000.    In  1676  40  tons  of  ore, 
valued  at  £140,  were  raised. 

In  Victoria  there  are  five  antimony  smelting  works,  and 
£120,000  of  antimony  had  been  raised  up  to  the  end  of  1876. 

Oems,  though  of  frequent  occurrence  in  Australia,  have    Gemii. 
thus  for  paid  but  poorly,  for  while  many  stones  of  high 
quality  are  found  in  some  gold  and  tin  leads,  the  size  is 
almost  always  small. 

Mercury. — Rev.  Mr.  Clarke  writes  as  follows,  in  the  Mines   Mercury. 

Kov    W    B 

and  Mineral  Statistics  of  New  South  WaleSy  1875 :  ciarkc. ' 

"  Some  years  since  I  reported  on  the  occurrence  of  mer- 
cury in  this  colony,  but  my  expectation  of  the  discovery  of 
a  lode  of  cinnabar  has  been  disappointed.  The  cinnabar  cinnabar. 
occurs  on  the  Cudgegong  in  drift  lumps  and  x)cbbles,  and 
is  probably  the  result  of  springs,  as  in  California  [f  ].  In 
New  Zealand,  and  in  the  neighborhood  of  the  Clarke  liiver. 
North  Queensland,  the  same  ore  occurs  in  a  similar  way. 

*  Gold  Fields  of  Victoria,  p.  420. 
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AUSTRALIA. About  1841 1  Feceived  the  first  sample  of  quicksilver  from 

lu  mineral  re- the  neighborhood  of  the  locality  on  Carwell  Creek,  on  the 

Meiriiry.        Cudgcgong,  whcre  the  cinnabar  is  found." 

In  the  Annual  Eeport  of  the  Department  of  Mines  for 

cixmabar  and  1875  it  is  mentioned  that  ^' a  cinnabar  mine  has  lately  re- 

mercnrv     exaib* 

its.  commenced  work  ^  in  the  district  mentioned  by  Mr,  Clarke, 

which  lies  near  the  center  of  the  gold  fields ;  but  the  report 
for  187G  passes  it  over  in  silence.    Samples  of  ore  and  quick- 
silver at  Paris  made  a  handsome  show,  but  were  accom- 
panied by  no  information  as  to  the  prospects  or  yield. 
i«>°  The  Iron  producing  capacities  of  Australia  are  unques- 

tionably great,  but  they  are  little  developed,  and  do  not  be- 
long to  this  report. 


V. 

RUSSIA.  ^^UBBIA. 

TITE  MINING  INDUSTRY   OF  RUSSIA.*  MineralwtaUh. 

The  mineral  wealth  of  Russia  is  very  large,  and  is  based   .  variety  and 
upon  a  great  variety  of   substances,  widely  distributed  tion. 
throughout  the  empire.   Its  principal  metals  are  gold,  plati-    Metau, 
num,  silver,  copper,  lead,  and  iron ;  tin,  zinc,  nickel,  and 
cobalt  are  developed  to  some  extent,  but  are  of  minor  im- 
portance.   Goal  is  said  to  exist  in  immense  quantity  in    Coai, 
Soutliern  Russia,  and  its  production,  already  considerable, 
shows  a  steady  increase  during  late  years.    Salt,  sulphur,    sait.  ftuiphui, 
graphite,  precious  stones,  etc.,  contribute  also  to  the  value  ^™^ 
of  the  mineral  product. 

The  principal  sources  of  the  more  valuable  metals  are  in  Prcciousmetaih 
the  mountain  ranges  of  the  Ural  and  Altai.    Copper  is  not  Altai  ranges, 
only  found  in  great  abundance  in  the  regions  just  mentioned,  * 

but  also  in  the  Caucasus,  in  Finland,  and  in  the  Kirghese 
district.    Iron  also  occurs  abundantly,  not  only  in  the  Ural    iron. 
and  in  some  portions  of  the  Altai,  but  in  some  of  the  cen- 
tral and  southern  departments  of  the  empire,  in  Poland, 
Finland,  and  in  the  north.    The  zinc  mines  of  Poland  are    zinc. 
counted  among  the  richest  of  Europe.    A  single  mine  in 
the  government  of  Viborg,  Finland,  furnishes  the  entire 
tin  product  of  Russia,  but  this  is  very  irregular,  and  of  late    Tin. 
years  very  small. 

The  mines  of  Russia  did  not  assume  much  importance  in    Former  impor- 
the  industries  of  that  country  until  about  the  beginning  of  by  stagnation, 
the  eighteenth  century.    Thence  until  the  reign  of  Eliza- 
beth their  development  progressed  rapidly ;  but  in  the  latter 
half  of  the  past  century  a  period  of  stagnation  ensued, 
which  lasted,  for  reasons  partly  political  and  jiartly  econom- 
ical, for  many  years.    Of  late,  however,  the  mining  indus-    Revival  of  in 
try  has  shown  in  most  departments  a  very  considerable  ad- 


*  TUo  snbstauce  of  this  paper  is  drawn  chiefly  from  official  or  semi- 
official sources,  publlslied  by  the  administration  of  Department  of 
Mines  of  the  Russian  Government.  Most  of  the  figures  are  taken  from 
a  pamphlet  prepared  for  the  occasion  of  the  Paris  £xiK)8ition,  entitled 
Tableaux  Statistiquca  de  Vlnduatrie  dea  Mines  en  Rvssie  en  1868-187(5,  par 
C.  Skalkorakiff  ing^nieur  dea  minea.  M.  Skalkovsky  is  the  secretary  of 
the  Camit4 Scientifique  dea  Mines,  and  the  statistics  of  the  department 
are  prepared  and  published  under  his  sni)ervision. 
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vdDce.    Its  progress  duriog  tbe  last  fifty  years  is  aliowii  by 


MiMratwMHA.  tlie  foIlowiDg  table : 

PrDdoetloD   ot  Produatitm  o/ landrg  metaU  aad  miiierala  in  the  limiiiaa  Empire  dnriuff 
(TablefnuDp^oUor   'StUUtlca."  givcnlo  pooda.) 


Teu*. 

Gold.     1    Silver. 

PIitlmuD 

Copper. 

Pi 

»di.       Pwcfi. 

4,'ia        i|b6o 

:S    a 

:mii       jus 

:S!l    !;!'.! 

^15S               BCS 
.OK               Wl 

lUl* 

/\wcf.. 

zao'oi« 

W5 



378,018 

1«M 

1 

!?n 

1S70 

:::-.j 

3MI.JS7 

aasBi 

r«. 

CttrtlTOD. 

Coal. 

SUt 

Sapbthii. 

1|::::::::::::::::::::::::::::::: 

10,  HM,  14S 
11^  433,  US 

18^  174,  m 

iKmiftj 
io,a)3.*iT 

13.250,008 

Pooit. 

!  ».» 

S7B.M0 

■'3,'i(ii>.'66o 

Z,  SOD.  000 
»l,IIOO,OUO 
12.0711.311 

•a.  103,  lOT 

Hl,4«4,a28 

5  20,  »D,  UBS 

PlHdf. 

W5-- - 

3-T.I06 

BM 

■  6,11  Ml 

1870 

1.7M.4&S 
S,174.a« 

15  poods  equal  2,000  lbs.  STidTaiipala. 

Gobi.  Qold. — The  i)roductioii  of  gold  in  Bussiu,  8iuce  its  coni- 

rrom  17S3.IS76.  iDeDceiDeiit  iD  1753,  ainouiit4;(l  at  the  etid  of  1876  to  67,134 
poods,  the  approxlinute  value  of  which  may  be  placed  at 
$730,000,000. 

The  production  during  recent  years  is  shown  in  the  fol- 
lowing table : 

Produclinn.  Produtiion  o/gold/rom  aHriferoHa  depo$iii  during  ten  yrari. 


Yoam. 

Niiia- 

btTOf..^ 

rioii«- 

liona. 

QnantijT 

tlDCUoL 

A^PP™'- 
of  proline  ° 

DS3 
1, 12B 

l!«M 

PBoit. 

ae».iii,sij 

1,177, 288,  W4 
1,051,  670. 3oa 
«83. 475.00$ 
!,««!,  518. 4i4 

■'iiS 

i.wr,m.4in 

1,022, 443,  SOJ 

food.. 

1,060 

kSi 
JS 

1 

Si430 

ZS,370,»)4 
23.0«liM8 

1873 

1874 

1870 

ai  3^.730 

'  *   "-  •  1 
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Of  this  product  Siberia  furnishes  from  two- thirds  to  three- 
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UCStflA. 


fourths,  the  remainder  coming  mainly  firom  the  departments  MineraiwaUh. 
of  Perm  and  Orenburg,  in  European  Russia,  with  small  con- 
tributions from  the  Kirghese  district  and  Finland.   The  prod- 
uct of  1876  is  credited  as  follows  to  the  several  governments 
and  territories : 


Production  of 
gold  by  govem- 
mcnta. 


Government. 


Loc  atioD 


lokoutsk 

I6ni8Misk  and  Irkoatak 

Transba^kol 

Amoor ' do 

Tomsk   I do 

Littoral i  do 

Perm     |  European  IZiusia 

Orenbarj; do 

S^mipalatinsk ;  Kirghese  district 

Akmulinsk do 

Uleaborg   '  Finland 


I 


Important  concessions  on  the  part  of  tho  government  have   imperial   eon- 
recently  conferred  great  advantages  upon  individual  mine  ^^*****°** 
owners,  and  an  increased  activity  in  mininc:  operations  has    incream^d   ac- 

'       ,  ^/   ,  ,  *  ,.   .  tlvity  in  private 

been  noted  as  a  consequence.  Under  these  new  conditions  mines. 
the  product  of  gold  in  1877  amounted  to  2,430  poods,  of 
which  only  155  poods  came  from  the  mines  of  the  crown  and 
state ;  the  remaining  2,275  poods  came  fi*om  mines  of  pri- 
vate individuals  5  an  increase  of  437  poods  over  the  product 
from  private  mines  in  1876.  Of  the  product  from  private 
mines  in  1877  Eastern  Siberia  furnished  1,793  poods.  Western 
Siberia  129  poods,  and  the  Ural  353  poods.  It  is  expected, 
for  the  same  reasons,  that  gold-mining  operations  will  hence- 
forth become  still  more  active,  and  the  product  of  the  metal 
will  be  Jiccordingly  greater  in  the  future  than  in  the  past. 

linearly  all  the  gold  produced  in  the  Russian  Empii*e  is    Placer  mining 
obtained  from  placers.    Vein-mining  for  that  metal  has  not  ^""*^'^* 
been  actively  prosecuted  until  recently,  and  only  in  the  Ural 
Mountains.    In  the  foregoing  tabular  statement  of  the  gold 
product,  the  quantity  of  sand  and  mineral  treated  during  ten 
years,  Jis  expressed  in  poods,  amounts,  in  the  aggregate,  to        Amount  of 

sand  and  mineral 

about  184,000,000  tons  of  2,000  pounds  avoirdupois,  and  the  treated, 
corresponding  product  for  ten  years  is  valued  at  $221 ,576,472,  its  product, 
presuming  that  the  weight  oi  gold  given  is  that  of  tine  metal. 
This  would  show  a  yield  per  ton  of  about  $1.20.  To  what 
extent  the  product  of  vein-mining  figures  in  this  statement 
does  not  appear  from  the  data  in  hand ;  but  as  the  product 
of  placers  so  far  exceeds  that  of  vein-mining,  it  is  not  likely 
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^^BBiA. that  the  latter  raises  the  general  average  yield  per  ton  very 

^in^<ii  wealth,  much.    Eeceut  official  data,  referring  to  the  placer- washings 

of  the  Ural  Mountains,  show  that  in  that  region  in  1875  there 

Percentage  of  wcro  extracted  5,300  kilos  of  gold  from  4,240,000  tonnes  of 

gold    in    placer  ,„  ,       .    .  ,  «  ^  - 

washings  of  the  auriferous  sand,  giving  an  average  per  tonne  of  1^  grains. 
" '  This  would  correspond  to  about  20  grains  of  gold,  or  some- 

thing over  80  cents  per  ton  of  2,000  lbs.  avoirdupois. 
Vein-mining  in     Veiu-miuinff  is  Carried  on  in  the  several  districts  in  the 

the  UraL  ** 

Ural,  but  apparently  to  a  small  extent.  The  district  of 
B6resowsk,  in  which  gold-bearing  quartz  veins  have  been 
worked  for  many  years,  still  appears  to  be  the  principal 

The  ^'eoiogicai  localit^^  for  this  branch  of  mining.  The  formation  consists  of 
beds  of  talcose  schists,  in  which  occur  broad  dikes  of  beresite, 
a  granitic  rock  containing  pyrites  and  a  little  mica.  The 
quartz  veins  traverse  the  beresitic  dikes  perpendicularly, 
rarely ,  though  sometimes,  passing  beyond  the  limits  of  the 
dikes,  which  generally  have  a  width  of  CO  to  80  feet.  The 
quartz  veins  are  not  generally  large  (varying  from  a  small 
seam  to  3  or  4  feet),  and  the  average  value  of  the  ore  is  low, 
being  stated  at  2  to  25  grams  to  the  tonne,  say  about  30 

Percentage  of  graius,  or  $1.20  to  four- fifths  of  an  ounce  troy,  or  $16  to  $17 
product.  ^^  ^^^  ^^  2,000  lbs.  avoirdupois.    The  average  value  of 

quartz  veins  worked  in  this  district  during  former  years  is 

stated  at  about  13  grams  to  the  tonne,  or,  say,  half  an  ounce 

of  metal  per  2,000  lbs.  of  ore. 

Platinum.  Platlnum. — TWs  metal  is  generally  lound  with  the  gold 

usuaiiv  occurs  of  aurifcrous  sands.    It  rarely  occurs  by  itself,  that  is,  with- 

^  '         out  gold,  though  such  is  the  case  in  one  or  two  districts  of 

the  Ural,  namely,  Taguilsk,  Groroblagodatsk,  and  Bisersk. 

It  has  not,  so  far,  been  fouud,  at  least  to  any  considerable 

extent,  in  rock  in  %itu^  although  grains  of  platinum  are  said 

to  have  been  observed  in  the  quartz  of  the  mines  of  B6r6- 

obtained  fiom  sowsk,  and  the  entire  product  is  obtained  from  placers, 

p  cers.  ^^^^  ^^^  sands  resulting  from  the  disintegration  of  the  rocks. 

The  deposits  of  Taguilsk  and  Bisersk,  in  which  districts 
platinum  is  generally  found  unaccompanieil  by  gold,  are  de- 
scribed as  follows  in  the  official  publication  of  the  Depart- 
Naturo  of  the  mcut  of  Miucs.    Serpeutiue  and  peridotite  form  the  bed  and 
Iwks*ofth?^ia^the  borders  of  the  platiniferous  deposit,  and  fragments  of 
tiniferouB      dc  ^^ii^^Q  rocks  predominate  among  those  occurring  in  the  sand. 

Chloritic  and  talcose  schists  also  occur  to  some  extent  in  the 
mi«terial  comprising  the  dejwsits,  together  with  chromic 
iron  and  a  certain  conglomerate  of  serpentine  peridot  and 
chromic  iron,  with  a  calcareous  cement. 

From  tbe  occurrence  of  the  metal  in  grain  distributed 
through  the  fragments  of  serpentine  and  peridotite  (from 
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which  last-named  rock  the  serpeDtine  is  believed  to  have  re-       '""^ 
salted),  it  is  supposed  that  the  platiDum  originally  existed  -K^l^*™"'^ 
in  a  state  of  dissemination  throaghont  these  rocks  in  place    swpaiiiiis  anii 
prior  to  their  disintegration.    This  view  of  the  intimate  re-  nntunipiiKiuxif 
latiou  of  platinum  to  serpentine  is  corroborated  by  the  evi-^      ™'' 
dence  of  several  examples,  as  for  instance  iu  the  district  of 
Miassk,  where  platinum  is  found  in  auriferous  sands ;  the 
portions  most  prodnctive  iu  platinum  are  those  which  rest 
upon  the  serpentine  rocks.    At  the  sources  of  the  river 
Miass,  near  the  KaraU  Mountains,  which  are  composed  of 
serpentine  rocks,  the  auriferous  sands  contain  considerable 
platinum ;  but  down  the  river,  in  proportion  to  the  disai>- 
pearance  of  the  serpentine  rocks,  the  quantity  of  platiunm 
becomes  le^s  and  less,  and  finally  nothing  in  places,  where 
there  are  no  outcrops  of  that  rock. 

The  platinum  occurs  in  the  form  of  grains  and  sometimea  ^"J^^g™*" 
in  nuggets  of  greater  or  less  size.  The  largest  nugget  so 
fEir  fouud  weighed  about  22  pounds.  Platinum  is  also  ac- 
companied by  chromic  iron,  gold,  iridium,  and  iridosonine. 
The  average  tenor  in  metal  per  toune  of  the  platiniferous 
sands  is  from  6  to  8  grams,  or  about  one-fourth  of  an  ounce 
troy ;  sometimes  it  amounts  to  an  ounce  and  a  third.  Since 
the  discovery  of  the  platinum  deposits  in  the  district  of 
N^re-TiiguUsk,  that  is,  irom  1825  to  1877,  the  product  of 
that  metal  there  has  amounted  to  67,500  kilos,  or  148,810  lbs. 

The  average  qnantityof  platinum  now  annually  produced  j|^jj^^J^™^jj^ 
in  the  districts  of  the  Fiul  is  placed  at  l,<i50  kilos,  or  3,360 1"  «>»  tffl 


The  pToduction  of  platinum  during  recent  years  is  given 
in  the  following  table: 

Productioii  o/lltafinam  in  AiiMia  during  recemt  yean.  Table  of  puti- 

niiTn  nrodDrtiou. 
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""«*■  The  entire  product  of  platinam  is  Ibmiiihed  fivm  mioee 

Xi^iummk.  of  private  individuals,  and  sitoated  in  the  nortbem  portion 
of  the  government  of  Perm.  The  refining  of  tiie  metal  was 
formerly  done  wholly  in  the  mints  of  St.  Petersburg,  bat 
at  present,  since  the  removal  of  the  tax,  the  principal  por- 
tion is  exported  in  the  crude  state. 
siiTMmniiiemd.  gu^er  and  lead. — The  following  table  shows  the  prodnc- 
tiou  of  these  metals  during  recent  years : 
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Prinoipd     The  silver  and  lead  prodoctof  the  year  1876  came  chiefly 
ikaa.  &om  Siberia,  as  shown  by  the  followiug  statement: 


Tomik,  Blb«U  

TrsMbaUuL  Siberia. 
Terek,  Ouiciiiiu 


IM 


t 

1 

"s 

■s 

i 

I 

According  to  the  published  data  of  the  Department  of 
ite-  Mint- s  there  are  no  rery  extensive  deposits  of  rich  silver  ore 
The  known  at  present  in  the  Ural.  Occurrence  of  silver-bearing 
veins  are  described  in  the  official  papers  referred  to,  bat 
they  do  not  appear  to  be  extensively  worked.  It  will  be  ob- 
served in  the  above  statement,  referring  to  tbe  year  1876, 
that  no  part  of  the  silver  product  is  credited  to  the  Ural. 
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Copper.— The  foUowiDfr  Btatement  shows  the  production       ntmu, 

iftiuraliHulM 
Copper. 
Table  of  coppei 


of  copper  in  Bnssia  daring  recent  years : 
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Ttie  sonrces  of  the  copper  product  of  the  empire  in  the    soup 
year  1876  were  as  follows : 


^^^E 

^■T" 
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IVifc — The  following  data  concerning  the  production  of   tio. 
tin  are  drawn  fVom  official  sources : 
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"'■•»"*•  The  whole  of  the  tin  product  above  qaoted  was  fomifihed 

imttntmauh  i^om  a  single  miue  in  the  govemmeDt  of  Viborg,  iu  FinlaDd. 

Collet  •o'l     Cobalt  and  Xickel. — The  production  of  these  met^  in  the 

Btissiau  Empire  daring  recent  years  is  shown  in  the  fol- 

lowiug  table : 

TaUa  or  pro- 
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if  The  ores  of  cobalt  were  mined  and  worked  in  the  depart- 
ment  of  Elisabethpol,  iu  the  Caucatms;  those  of  nickel  id 
the  dei>artment  of  Perm,  in  the  Ural. 

In  the  Caacasus  the  cobalt  ore  is  described  as  occurring 
in  a  contact  rein,  lying  upon  a  masd  of  magnetic  iron. 
The  inclosing  rock  of  the  iron  deposit  is  a  diorite,  and  be- 
tween the  iron  and  the  overlying  country  rock  is  a  small 
vein  of  hard  green  diorite,  in  which  are  small  nests,  bunches, 
and  stringers  of  cobalt  ore  (smaltiue),  mingled  with  irou 
and  copper  pyrites.  The  vein  was  origiosUy  worked  daring 
severs!  years  for  copper,  the  cobah  eras  being  nyeeted  as 
worthless.  The  percentage  of  twfaolt,  aemrding  to  analyBes 
of  the  ore,  varied  from  17  to  nearly  28  per  cent.  The  ore 
contained  httle  or  no  nickel.  The  vein  was  worked  during 
several  years,  but  the  supply  of  metal  having  given  out  and 
a  considonible  sum  of  money  having  been  expended  in  ill- 
directed  and  fruitless  prospecting,  the  enterptise  was  aban- 
doned. 

of  The  ores  of  nickel  in  the  Qial  occur  in  small  veins  of 
quartz,  traversing  schistose  rocks.  According  to  M.  Her- 
mann it  is  an  hydrated  silicate.  It  contains  18  per  cent,  of 
nickel  oxide. 
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Zinc. — The  following  table  farnisbes  the  official  data  con-  _ 
cerning  the  prodnction  of  zinc  in  the  Buasiao  Empire  dnring 
recent  years : 
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iibnienin  ■»  wimtiag. 

The  ores  of  zinc  produced  in  tbe  Rnssian  Empire  are 
mined  entirely  in  Poland.  They  eoneiat  chiefly  of  carbon- 
ates and  silicates,  associated  with  brown  hematite.  They 
occnr  mainly  in  the  dolomite  beds  of  the  Mnscbelkalk  for- 
mation. The  principal  mines  are  in  the  neighborhood  of 
Oikusz  and  near  the  bonndary  line  of  Silesia.  The  great 
zinc-bearing  district  of  Germany  is  therefore  continuous 
7itb  that  of  Russia,  the  division  being  merely  political. 
The  ore  occurs  in  masses  and  bunches  of  very  variable 
dimensions,  from  one  to  twelve  feet  wide,  and  in  several 
instances  possessing  very  much  greater  thickness.  The 
percentage  of  zinc  contained  in  the  ores  is  generally  from 
8  to  11  per  cent.  A  large  i»ortion  of  the  ore  is  obtained 
from  open  surface  workings.  Subterranean  mining  is  car- 
ried to  a  considerable  extent,  but  not  generally  to  any  great 
depth  on  account  of  the  great  abundance  of  water. 

Tbe  value  of  the  zinc  product  in  1876,  already  given  in 
the  foregoing  table,  is  stated  at  about  800,000  rubles,  aboot 
$000,000. 
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_    """*■ iron.— The  following  table  famislies  official  data  concern- 

WiMroiwaitt.  iug  the  production  of  iron  in  theBuseian  Empire  daring 
recent  years : 
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of  the  Alxire  product  of  1876  there  ware  2j,D37i,4j3  poodm  of  charcoal  iron  IM 
,021,397  poo<!«  of  IroD  made  with  miDernl  ttaeL 

The  iron  product  of  1876  was  derived  trom  the  following 
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Inm  product  of  1976,  ^— Continnod. 
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PoUod 

wo,  777 

107. 2W 
IU,7W 
01,  BK 
ISLIIO 

07,  «n 

71,100 

30,888 


Tbe  priDcipal  iiortion  of  tbe  iroD  product,  as  may  be  aeen 
in  tbe  foregoing  table,  comes  from  Earopean  Bassia  aud 
the  regions  of  the  Ural  Moontaius.  The  pievailiDg  ore  of 
those  districts  is  brown  hematite.  Magnetite  is  found  in 
very  many  localities,  but  is  lesa  extensively  worlied.  Car- 
bouate  ores  are  generally  of  rare  oucnrrenee. 

Tbe  following  table  shows  tbe  production  of  wrought  iron 
and  steel  during  recent  years : 
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Coal. — ^Tbe  official  statistics  of  mineral  fiiel  furnish  the    Ci>a 
following  data  conceriJDg  its  production  daring  recent 
years: 
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The  anthracite  product  in  the  above  table  is  from  Uie 

^^. 1  basin  of  the  Donetz.    In  1877  the  mining  of  anthracite  in 

Asuincito.ugthe  department  of  01on«tz  -waa  commenced.  The  lignite 
and  bituminous  acliists  come  mainly  &om  Southern  Russia 
(Eiev-Elisabethgrad),  partly  from  Poland,  and,  to  a  small 
estent,  from  the  Caucasus  and  Turkestan. 

The  product  of  mineral  fuel  iu  1876  came  from  the  fol- 
lowing-named sources : 
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PetroUum. — ^Tfae  official  statistics  fiimisb  the  following 
data  cooceniing  the  production  and  distillation  of  petro- 
leum during  recent  years : 
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•  of  pe-  The  sonrces  of  the  above  prodnct  are  almost  altogether 
in  idle  Cancasos,  a  small  proportion  coming  from  Soathem 
Russia  and  the  Kirghese  district.  In  1877  the  production 
of  petroleum  and  the  distillation  of  mineral  oil  increased 
largely,  the  department  of  Bokon,  iu  the  Gancasus,  pro- 
ducing 12  mUlion  poods  of  petroleum  and  ftimiahing  1 
million  poods  of  mineral  oil. 
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BU88U. 


MintrdliMaWL 
Salt 


Salt. — The  official  statistics  farnish  the  following  data 
concerDing  theprodaction  of  salt  doriDg  recent  years : 

Qmntity  i^rodncod  (poods).     Prodaction    of 

1867 44,228.075«^t'lM7-lW« 

1868 36,798,253 

1869 39,876,926 

1870 36,114,580 

1871 28,254,530 

1872 39,712,311 

1873 50,398,710 

1874 46,947,518 

1875 37,991,399 

1876 42,508,217 

Product  of  1875,  eqaivalent  in  tons  (8,000  pounds) 767, 372 

The  principal  portion  of  the  salt  product  is  obtained  from    sovom  of  nap- 
saline  lakes,  about  one-third  from  evaporation,  and  a  small  ^^' 
portion  from  rock-salt.    Large  deposits  of  the  latter  are  said 
to  have  been  recently  discovered  by  borings. 

Chromic  iron. — ^The  official  statistics  show  the  following   Cbromioiron. 
concerning  the  production  of  chromic  iron  during  recent 
years.    It  is  mainly  derived  from  the  departments  of  Perm, 
Orenburg,  and  Oufa,  in  European  Russia : 

obtained. 
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41,084 

06,881 

600,024 

450,978 

872,549 

891,809 

316,561 

209,848 

58,167 


Graphite. — The  official  statistics  show  the  following  con-   oiaphite. 
ceming  the  production  of  graphite  during  recent  years.    Its 
chief  source  is  the  territory  of  Semipalatinsk  (Eirghese  dis- 
trict) and  the  department  of  Perm : 


Years. 
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1868 
1878 
1874 
1875 
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No.  of 
mines. 


1 
2 
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4 
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.^  ^     ,      Ta1>le  of  pro- 
Prodact.  dnottoiB. 


Poodt. 
4,000 
5,168 
2,000 
4,178 
18,600 
7,100 


Sulphur. — ^There  is  one  mine  of  sulphur  and  one  refinery   soiphnr. 
in  Poland  (department  of  Eeltze).    The  product  of  refined   Piodnotion. 
sulphur  in  1875  was  31,100  poods ;  in  1876  the  product  was 
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__;vmA. 18,379  poods.    Exploitations  of  salphor  have  recently  been 

MimraiwMith,  commenced  in  the  territory  of  Dagaestan,  in  the  Cancasns. 
statisUM.  The  total  nnmber  of  laborers  employed  in  the  mining  in- 

dastry  of  Bossia  amounted  in  1876  to  285,758. 
The  horse-power  of  machines  employed  in  1876  in  the 

mines  and  metallurgical  works  of  the  empire  is  stated  at 

65,717. 


themetaSnSicSi     ^®  metallurgical  industry  of  Bussia  is  far  behind  the 

Ras- 


indnstary  of 
•ia. 


needs  of  the  country.  This  remark  applies,  however,  more 
to  the  extent  of  its  development  than  to  its  methods,  and 
more  to  the  quantity  than  to  the  quality  of  the  products. 

Within  recent  years  bxl  increased  activity  in  metallur- 
gical industry  has  been  noted.  The  abolition  of  serfdom  in 
1861,  the  expansion  of  the  system  of  railways,  and  the  in- 
creased use  of  domestic  mineral  fuel  are  among  the  princi- 
pal causes  that  have  already  promoted  and  are  likely  still  to 
advance  the  development  of  this  branch  of  industry.  The 
Liberal  poUoy  administration  of  the  Department  of  Mines  pursues,  on  be- 
tion.         "     half  of  the  government,  a  very  liberal  policy.    A  large  corps 

of  engineers  are  employed  constantly  in  visiting  the  various 
sections  of  the  empire,  studying  and  mapping  the  geology 
and  obtaining  all  available  information  tending  to  promote 
the  development  of  the  mineral  resources  of  the  country ;  and 
competent  men  are  sent  from  time  to  time  to  visit  all  por- 
tions of  Europe  and  America  for  the  purpose  of  noting  and 
introducing  at  home  any  desired  improvements  in  their 
methods  of  work. 
of  tho°*ou^S  ^^®  products  of  mineral  industry  in  Bussia  are,  in  many 
aum^tion*'^  ^^'  ^^P^^j  insufficient  to  supply  the  demand,  and  the  impor- 
tation of  metals  and  minerals  generally  exceeds  their  export. 
To  what  extent  this  is  true  is  partly  indicated  by  the  follow- 
ing statement  of  imports  and  exports  for  the  year  1876 : 
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AmoDg  the  principal  products  imported  into  Russia,  ac-       ^^esu. 
cording  to  the  foregoing  table,  are  coal,  cast  iron,  wrought 
iron,  steel,  copper,  and  salt.   The  following  statement  shows 
the  sources  from  which  those  imports  were  derived  in  1876 :  Jottdeiaouictm 

•^  of  supply. 
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7,024,501 

FnHic€>    . . . , 

70,316 

66,446 

1,433,631 

607,311 

203,218 

^imin 

F^rtuical 

Sweden  dit  Norway. 
Holland 

214,020 
7,037 

30,734 
1,250,033 

85,206 
1,208,088 

1,868 

Belid^un 

1,220 

17,000 

415^282 

ItaW 

48,308 

66,710 

Turkey 

Koumania 

a.^fi{U 

87,884 

1 

VI. 
-    "^"^ SWEDEN. 

THE  SWEDISH  EXHIBIT. 

show oY^TODMd     ^*  ^^  ^^ ^°^y  ^  ^^^  display  of  iron  and  iron  ores  that 
iron  ores.  Sweden  surpassed  other  countries.    The  admirable  explana- 

tory literature  prepared  for  the  occasion  under  the  auspices 

i^ilto™^iiteiu-  ^^  *'^®  Swedish  Government  wa«,  on  the  whole,  unequaled. 
w>ro-  One  of  the  capital  volumes  distributed  in  the  Swedish  pa- 

The  "Rayaume^^^^  was  entitled  Royaume  de  Suede,  Expose  StatisHquej 
%MMiit^thi  ^^^  contains  a  complete  series  of  papers  touching  on  all 
source   o^  the  tlie  social,  industrial,  educational,  and  scientific  features  of 

author's  imorma-  '  '  ' 

tton.  the  country,  written,  too,  for  the  most  part,  by  well-known 

specialists.  It  would  be  a  waste  of  time  to  attempt  any  im- 
provement upon  the  account  of  the  mineral  industries  of 
Sweden  given  in  this  manual,  and  the  following  pages  con- 
sist essentially  of  literal  translations  from  it,  abbreviated 
where  tbe  original  seemed  fuller  than  was  needful  for  the 
purposes  of  this  report. 

loiriadoOTSit&M     ^^^^l^*^  ^8,  SO  to  spcak,  made  up  of  the  extremes  of  the 

«r  Sweden.        serics  of  gcological  formations.  The  crystalline  rocks  of  the 

primary  formations  are,  as  a  rule,  immediately  covered  by 
the  soft  beds  of  the  Quartenary  epoch,  and  only  a  small 
portion  of  the  intermediate  formations  are  represented.  Of 
these  the  Silurian  covers  the  greatest  area. 

Throughout  vast  regions  the  country  consists  of  rocks  of 
the  primary  formations,  gneiss  alternating  with  other  sedi- 
mentary rocks  of  the  same  period  and  even  with  granite. 
The  gneiss  for-  In  Swedcu,  as  iu  other  countries,  one  grand  division  of  the 
territory  occupied  by  this  rock  is  composed  of  red  gneiss, 
another  of  gray.  The  gray  gneiss  extends  over  most  of  the 
eastern  portion  of  the  country,  the  red  over  the  western. 
Another  division  of  primary  origin,  probably  later  than 

eurite  ff^^^  t^^  preceding,  consists  of  the  group  called  eurite  or  petro- 

silex  (hallefliiita).  Although  they  cover  a  relatively  insig- 
nificant territory,  these  last  rocks  are  of  great  industrial 
value,  inasmuch  as  they  contain  the  most  important  deposits 
of  iron  ores,  which  do  not  occur  as  veins,  but  in  beds  or  len- 
ticular masses  evidently  formed  at  the  same  time  with  the 

rence^*of**1roa,' inclosing  rocks.    The  same  is  the  case  with  certain  of  the 

zinc,  and  copper  ^^^^^-^  ^^  ^.^^^  ^^^  Of  COppCr. 
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So  far  as  is  known,  coal  occars  in  Sweden  only  in  the  ex-      Bwropf. 
treme  southern  province  in  the  Malmohus  district.   The  geo- 
logical horizon  of  the  coal  beds  is  not  definitely  determined,    ^**^ 
but  is  commonly  referred  to  the  Trias  or  the  Jura.    They 
have,  however,  been  worked  at  long  intervals  since  the  mid- 
dle of  the  eighteenth  century. 

The  greater  part  of  the  coal  extracted  has  been  won  in  the 
neighborhood  of  Hoganas,  in  the  northern  portion  of  the    Hoginte  field, 
field.    At  this  point  there  are  two  seams.    One  of  these, 
varying  in  thickness  from  six  to  eighteen  inches,  is  aban-    Qa*iity  of  th« 
doned ;  tlie  other  is,  to  be  sure,  some  four  feet  six  inches 
thick,  but  contains  only  about  seven  inches  of  good  coal 
and  thirteen  inches  of  poor  coal,  the  remainder  being  com- 
posed of  bituminous  shale  partings.   Below  the  coal  is  a  bed 
of  fire-clay  about  five  feet  in  thickness,  which  is  mined  with    Fi^eH^lay. 
the  coal  to  some  extent.    The  coal  called  second  quality 
contains  20  per  cent,  ash,  and  the  third  quality  no  less  than 
42  per  cent.    The  quantity  of  coal  mined  in  187G  was  nearly .  *JgJP"*  °^  ^^^ 
3,700,000  cubic  feet  (or,  roughly,  80,000  tons).    The  produc- 
tion has  doubled  since  1871. 

Active  explorations  have  been  going  on  by  boring  in  the 
coal  district,  and  to  some  extent  with  satisfactory  results, 
several  seams,  some  of  them  much  thicker  than  that  of  Ho- 
ganas, having  been  thus  discovered ;  but  usually  much  of 
the  thickness  is  shale  and  clay.  The  refractory  clays  are  of 
superior  quality,  and  are  extracted  in  large  quantities.  co2l*^*^  **'  ^^"^ 
Most  of  the  coals  are  unfit  for  making  coke. 

The  imi)ortation  of  coal  and  coke,  which  comes  almost  ex-   imporuofcoai. 
clusively  from  England,  has  increased  constantly  during  the 
last  decades.    In  round   numbers  the  quantity  imported 
was — 

In  1800 12, 000, 000  cubic  foet,  or,  say,  2fl0,000toD8. 

In  1870 21, 000, 000  cubic  feet,  or,  say,  470, 000  tons. 

In  187C 38, 000, 000  cubic  feet,  or,  say,  840, 000  tons. 

If  Sweden  is  wretchedly  off  for  coal,  it  at  least  has  abun-  ^^^^^^  ^^ 
dance  of  peat.    Eecent  explorations  have  proved  that  the 
peat  marshes  cover  one-twelfth  of  the  area  of  the  coun-p^^^j;jJj|^****' 
try,  and  that  the  average  thickness  of  the  peat  in  these 
marshes  is  two  meters.    For  the  past  few  years  the  high 
price  of  coal  and  "the  zeal  of  a  number  of  patriots"  have 
greatly  stimulated   the  raising   and    application  of  this 
fuel  to  such  an  extent  that  at  least  eight  times  as  much  peat  pi^J^Snof  pen? 
is  now  extracted  as  in  18G5.    'No  official  statistics  as  to  the 
amount  of  peat  raised  exist,  but  it  is  believed  tliat  at  least 
450  machines  for  making  peat  are  at  work,  and  that  they 
will  turn  out  an  average  of  5,000  tons  a  year  each.    Several  p^^I"**  *"^ 
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_  machines  are  mentioned  in  the  report,  but  that  of  Eichom, 
Peatmachincft.  which  makes  the  peat  into  balls,  as  improved  by  Horn  and 
Thtinberg,  seems  to  enjoy  special  favor. 
inSrert*  i2**the     ^h^^e  are  districts  in  the  United  States  where  peat  is  the 
eSSSSici'appu*  "^^st  plentiful  fuel.    We  have  therefore  a  dh^t  interest  in 
cations  of  peat,    the  Swcdish  cfiforts  to  render  it  a  convenient  one.    No  men- 
tion is  made  of  the  metallurgical  application  of  peat,  though 

fanwceJ.^'^*"*^^^^  ^^^^  knowu  that  it  is  applied,  to  some  extent,  in  the 
manufacture  of  gas  for  Siemens  furnaces. 

orea^of  sw^OT?"  ^^  ^^  ^^  coursc  in  its  admirable  iron  oi-es  that  Sweden  pos- 
sesses its  chief  mineral  wealth.  Professor  Akerman  con- 
tributed a  special  memoir  on  the  Swedish  iron  industry  to 
the  literature  of  the  Exposition,  and  by  far  the  greater  part 
of  the  exhibits  i*elated  to  that  metal,  with  which,  however, 
this  report  is  not  concerned. 

try  ncSS^ to*?hS     ^^^^  ^o  irou,  coppcr  is  the  most  important  metal  obtained 

of  iron.  in  Sweden.    The  most  productive  copper  mines  are  those  of 

Fahlun  and  JLtvidaberg,     The  former  is  about  120  miles 

northwest  of  Stockholm ;  the  latter  a  few  miles  nearer,  in  a 

LocaiiUes  of  southwcstcrly  dircctiou.    Copper  ores  are  also  obtained  in 

ecopporm  ea.  j^^j^^j^^g  other  placcs  iu  Smaller  quantities.    Lapland  has 

a  copper  mine  at  Svappavara,  the  importance  of  which  has 
been  much  exaggerate^!. 
Varieties  of  The  chicf  orc  of  copper  is  chalcopyrite.  Variegated  copi>er 
ore  and  copper  glance  are  rare.  With  a  view  to  economiz- 
ing fuel,  which  was  constantly  rising  in  price,  an  elaborate 
ore-dressing  establishment  was  constructed  at  Fahlun  some 
ten  years  since,  but,  iu  spite  of  admirable  organization,  the 
mSh^a!*"^  ^^  ^^^^  ^^  copper  in  theore-dressing  (operations  was  too  great,  and 

extraction  by  wet  methods  was  adopted,  instead  of  concen- 
tration and  smelting.    The  greater  part  of  the  copper  is  now 
The  present  extracted  by  chloridizing,  roasting,  leaching,  and  precipita 
process.     ^^^  ^.^^^  ^^^^^  spougc,  thc  copper  precipitate  being  refined 

in  gas  furnaces.    At  Atvidaberg  the  old  method  of  smelting 
The  smelting  jg  g^ill  pursucd.    The  regulus  produced  by  smelting  the  ore 
is  roasted  and  reduced  to  black  copper,  which  is  subse- 
quently retined  in  reverberatory  funiacea.    The  smelting  of 
the  ore  and  calcined  regulus  is  carried  out  in  blast  furnaces. 
Production.         In  1876  901  tons  of  copper  and  280  tons  of  sulphate  were 
Workmen.       produccd  iu  Swedcu.    The  number  of  workmen  employed 
in  this  industry  was  1,455.    The  production  of  copper  has 
undergone  a  sensible  diminution  in    the  course  of  late 
years.    It  reached  its  maximum  in  1800,  when  it  amounted 
to  about  2,300.    Some  350  to  500  tons  commonly  remain  iu 
the  country ;  the  remainder  is  ex]>orted.    Copper  ore  is  also 
Bzport.  exported  to  England.    In  1871  this  exportation  was  in  the 
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ueighborhood  of  1,500  tons,  but  had  sunk  to  half  this  amount      swedes. 
in  1876. 

Copper  is  worked  up  in  part  in  the  smelting  works  and   Copper, 
in  special  rolling  mills,  partly  by  coppersmiths  in  town  and 
country,  and  in  part,  and  that  on  a  large  scale,  by  the  great  J^^f^jw?^- 
machine  shops  of  the  country.    The  manu&cture  of  appa- 1^^- 
ratus  for  the  distillation  of  spirits  is  one  of  the  principal 
branches  of  the  Swedish  copper  industry. 

Oold  is  extracted  at  present  only  from  the  copper  pyrites 
of  Fahlun,  and  to  the  extent  of  some  half-dozen  kilos  per 
year. 

Lead  and  Silver. — ^The  principal  silver  mine  of  Sweden  is 
the  old  and  famous  one  at  Sala.  Its  production  is  insignifi- 
cant now  in  comparison  with  its  former  yield,  and  in  1876 
was  only  798  kilos.  All  the  silver  is  produced  from  lead 
ores,  and  of  lead  as  well  as  of  silver  only  a  very  small 
quantity  is  now  produced — some  300  tons. 

Nickel. — Nickeliferous  ores  are  of  frequent  occurrence  in  nioIml 
Sweden,  but  comparatively  seldom  in  paying  quantities. 
The  principal  mines  are  at  Kleva,  in  the  province  of  Jos- 
koping,  and  at  Sagmyra,  in  Dalecarlia.  The  product  con- 
sists of  an  alloy  of  nickel,  more  or  less  rich  in  copper,  of 
which  somewhat  le^s  than  a  ton  was  produced  in  1876.  At 
Tnnaberg  about  a  thousand  pounds  of  clean  cobalt  ore  was 
extracted  in  the  same  year. 

Zinc  occurs  only  as  a  blende,  of  which  there  are  several    zino. 
mines.    The  most  important  is  that  of  Ammeberg,  which 
lies  between  the  great  lakes  Werner  and  Wetter.    It  belongs 
to  the  famous  Belgian  company  La  VieUe  Montagne.    The    Mineof  Amme- 
product  of  this  mine  was  about  1,300  tons  of  ore  in  1860, 
but  since  1865  the  output  has  been  from  25,000  to  30,000 
tons.    Adding  the  product  of  mines  in  the  provinces  of 
Orebro  and  Kopparberg,  the  total  production  for  1876  was  ^iJ^'i^j **  ^ 
35,523  tons.    The  ore  is  concentrated  by  roasting,  leaching, 
and  dressing,  and  is  thus  exported.    Ko  metallic  zinc  is 
produced  in  Sweden.    Manganese,  iron  pyrites,  for  sulphuric 
acid  manufacture,  etc.,  and  graphite  are  mined  to  a  small 
extent. 

Metal  working  in  its  various  branches  is  carried  on  with    ^^-"^^^J^ 

eatabliabineiitii. 

some  activity  for  the  supply  of  the  home  market.    There  are 
four  brass  works  in  the  country,  several  German-silver  fac- 
tories, silver-plating  establishments,  and  the  like. 
The  greater  portion  of  the  surface  of  Sweden  is  composed    The  primitive 

^.v-ii  ^         111  .        .  ...       >,  .  obanujter  of  the 

01  hard  and  compact  rocks  belonging  to  pnmitive  formations,  Swedish  rooks, 
such  as  gneiss,  eurite,  granite,  etc.,  and  it  is  in  these  rocks 
that  most  of  the  ore  deposits  are  found.    In  consequence  of 
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gwKDBN.      this  feet,  prospecting  by  boring  has  not  been  so  mach  prac- 
ticed in  Sweden  as  in  some  other  countries.    The  jiosition 
^«p«o^g  by  and  extension  of  deposits  of  iron  ore  have  been  for  a  century, 
praotfoed.         and  are  still,  investigated  by  the  magnetic  needle.     It  is 

certainly  incorrect  to  speak  of  this  method  of  prospecting 
tor  magnetic  ores  of  iron,  as  the  Swedish  commissioners  do, 
as  presque  inconnu  d,  VStrcmger.      Professor  Thal^n,  the 
investigatioii  well-knowu  physicist,  has  lately  mounted  the  needle  as  an 
needle!  ™^'^®***^  instrument  of  precision,  and  ha<s  shoMm  how,  by  a  consider- 
able number  of  observations  on  the  deflections  of  the  needle 
above  a  deposit  of  iron  ore,  the  positive  and  negative  poles 
of  the  magnetic  mass  can  be  determined.    Between  these 
points  lie^  the  greater  portion  of  the  ore  body. 
Boring  appa-     The  apparatus  most  used  for  boring,  where  this  method  is 
practicable,  is  that  of  Mortensen.    The  diamond  drill  and 
the  Chinese  rope-drill  have  also  been  applied.    For  drilling 
short  holes  many  machines  have  been  tried.    The  ^^  Iron  Bu- 
reau^ (Jem  Kontoret)  had  a  series  of  competitive  trials  exe- 
cuted at  its  expense  with  the  machines  of  Burleigh,  Schram, 
Band,  Ingersoll,  and  Oederblom.     Our  authority  reports : 
Diamond  and  <<The  rcsult  of  all  thcsc  trials  has  been  that  machine  drill- 
driUit.  ing,  far  from  being  cheaper  than  hand  work,  cost  much  more 

in  most  cases,  a  circumstance  due  principally  to  the  as- 

Comparison  touishiug  dexterity  of  our  miners."    It  would  be  interesting 

hand  drilling,     to  know  Something  of  the  size  of  the  openings  where  the 

trials  were  made,  etc.,  in  order  to  gage  the  extent  of  our 
astonishment. 

Swedish  miuing  machinery  offers  no  si>ecial  ix)int8  of  in- 
terest.    Access  is  obtained  even  to  the  mines  at  Fahlun 
Miners' ladders.  (1,200  feet)  and  Sala  (1,100  feet)  by  ladders  only.    Little 
Drainage  and  troublc  is  experienced  with  water,  and  pumping  and  hoist- 
hoiating  wor  s.  ^^  ^^^  commouly  effected  by  power  derived  firom  water- 
wheels,  for  water-power   is  more  generally  available  in 
Sweden  than  in  almost  any  other  country. 


vn. 

NORWAY.  ^Q»^^^ 

THE  NORWEGIAN  EXHIBIT. 

The  Scaudinavian  peninsula  is  a  geological  anit,  and  what 
has  been  said  of  the  geology  of  Sweden  is,  for  the  most  part, 
equally  true  of  Norway.  The  deposits  of  lignite  in  the 
southern  province  of  Sweden  do  not  extend  into  Norway, 
and  the  kingdom  is  practically  without  coal  or  lignite.  ^^^J^®^**^*** 
Even  the  formations  where  such  might  be  looked  for  are 
confined  to  the  portion  of  the  country  lying  within  the 
Arctic  Circle. 

The  fundamental  rocks  of  Norway  are  assigned*  by  Nor-  lo^JJ^^^hAracter 
wegiau  geologists  to  the  Azoic  epoch,  in  which  is  included  of^  the  rocks  of 
what  Hunt  and  other  American  geologists  call  the  Eozoic 
or  ArchflBan,  as  well  as  the  earlier  gneiss.  The  close  of  the 
Archs&an  period  in  Norway  was  marked  by  eruptions  of 
granite,  forming  in  part  ranges  of  hills,  in  part  irregular 
masses.  These  granites  are  t]*equently  accompanied  by 
gabbrOyi  and  possess  great  importance  with  reference  to  the 
deposits  of  ore. 

Immediately  after  the  great  topographical  changes  pro-  ^°*^'**2J"  *°^ 
duced  by  the  eruptions  of  granite,  and  possibly  while  they 
were  still  going  on,  began  the  deposition  of  the  Taconic 
beds.|  These  beds  rest  unconformably  on  the  older  strata 
and  are  three  in  number.  The  second  has  been  identified  as 
corresponding  to  the  Potsdam  epoch  in  the  United  States. 
The  Taconic  beds  cover  a  very  large  proportion  of  the  area 
of  Norway. 

Important  occurrences  of  eruptive  rock  are  also  met  with   Eruptive  K>ck». 
which  are  referred  to  the  dose  of  the  Taconic  era.     The 
eruptive  rock  is  mainly  gabbro,  but  granite,  sy«^nite,  and 
diorite  of  seemingly  eruptive  character  are  also  relerred  to 
the  same  period. 

The  Silurian  and  Devonian  formations  occur  mainly  in  ^  suurian  and 

*  DeTonian  forma- 

two  considerable  areas,  the  one  at  and  north  of  Ohristiania,  tions. 

*  Le  Boyaume  de  Norv4ge  et  le  Peuple  Norv^gien,  par  le  Dr.  O.  6.  Broch, 

p.  106. 

1 A  Tftriety  of  greenstone ;  equivalent  to  the  Fr,  EupKoHde, 

tThe  Taconic  system  of  Emmons  is  nearly  synonymous  with  the 

Lower  and  Middle  Cambrian  of  Sedgwick  and  others. 

967 
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xoBWAT.  the  other  in  nearly  the  northernmost  portion  of  the  country. 
Eruptive  rocks  are  assigned  to  periods  during  the  Silurian 
and  succeeding  the  Devonian. 

Periodsoferap-  Four  outbursts  of  plutouic  rock  are,  then,  recognized  in 
Norway :  An  Ante-Taconic,  a  PoBt-Taconic,  a  Silurian  erup- 
tion, and  one  in  Post-Devonian  times. 

AUenoe  of  cer-     Throughout  Southern  Norway  all  the  formations  from  the 

tain  formAtions.  .  ,      ^         r.,       . 

Devonian  to  the  Post-Tertiary  are  wanting. 
On  the  little  island  of  Andoe,  off  the  northwest  coast  of 
Coal  Beams.     Norway,  occur  coal  seams  determined  by  Dahll  as  Jurassic 

These  seams  are  thin,  varying  from  4  to  20  inches,*  and  are 

at  present  of  no  practical  value.    In  Finmark,  the  northern- 
Graphite,        most  province  of  Norway,  there  are  also  beds  of  graphite, 

supposed  to  be  of  Carboniterous  origin. 
The  connection  between  the  ore  deposits  of  Norway  and 

its  geological  structure  is  interesting.    Norway  is  the  home 
The  FahXbandi.  of  the  FoklbandSy  or  the  impregnated  zones  of  rock,  and 

these  deposits  are  almost  uniformly  at  or  near  the  con- 
The  poBitiona  tact  bctweeu  the  eruptive  crystalliDe  rocks  and  the  more  or 

of    their    occur.  *  •^ 

rence.  less  mctamorphic  sedimentary  strata.    Thus  to  the  west  and 

northwest  of  Kongsberg,  at  the  limits  of  an  Ante-Taconic 

granite  area,  occur  masses  of  gabbro.    Near  the  gabbro  the 

MetaUic  depos-  adjoining  ^^  Azoic"  rock  contains  the  famous  deposits  of  na- 

6^nS.  ^^^         tive  silver  and  sUver  ores— veins  in  Fahlhands.    The  cobalt 

deposits  of  Snarum  and  Modum  and  the  nickel  deposits  of 
Kingerike  are  of  the  same  character.    At  Ekersund  titanic 
iron  ore  is  found  under  similar  conditions, 
ocoumnoe  of     Ores,  especially  those  of  copper  and  of  iron,  frequently 

ores,  *"   ^^^^  occur  at  the  edge  of  the  Ante-Taconic  granite.    This  is  the 

case  with  the  celebrated  iron- ore  deposits  of  Naes,  and  with 
copper  mines  at  several  points  in  Telemark  and  in  Saeters- 
dal.  The  Post-Taconic  eruptive  rocks,  especially  the  gab- 
bro, are  similarly  accompanied  by  ore  deposits,  particularly 

and  nickel.        of  chromc  irou,  coppcr,  and  nickel.    The  well-known  copper 

deposit  at  Koeros  or  Uoeraas,  in  Trondhjem,  is  of  this  char- 
acter. The  Silurian  and  Post-Devonian  outbursts  of  plutonic 
rocks  do  not  appear  to  have  been  accompanied  by  the  depo- 
sition of  ores ;  it  is,  however,  from  these  later  occurrences, 
especially  at  Orefven&s,  near  Ohristiania,  that  the  granite 
so  valuable  for  ornamental  and  monumental  purposes  is 
quarried. 

river-tods!^*"*"*  -^^^  ^^^  Considerable  rivers  of  the  extreme  north  of  Nor- 
way are  auriferous.  The  gold  is  found  in  small  scales  intlie 
river-beds  and  in  the  coarse  secondary  gravel  deposits  form- 

*  J.  Marcou,  Carte  Geolog,  de  la  Terre,  p.  76.    Letter  firom  Mr.  T.  Dahll. 
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HOBWAT. 


Anriferoas 
river-beds. 


ing  the  high  banks  between  which  these  rivers  ran.  From 
the  description  given,  it  seems  not  impossible  that  these  de- 
I>osits  might  be  suitable  for  hydraolic  mining  were  they 
situated  in  a  more  genial  latitude. 

Norway,  though  a  remarkable  mineral  country,  cannot  be  thJ^^JJeln^  f 
called  a  rich  one,  for  the  value  of  the  products  of  the  mines  ©r  metais. 
and  smelting  works  is  not  much  more  than  half  that  of  the 
crude  and  bar  metal  consumed  in  the  kingdom,  as  is  shown 
in  the  following  table : 

Mean  annual  value  of  the  Norwegian  metal  trade  from  1871  to  1875. 

Value  of  products  of  mines  and  smelting  works $1, 521, 400        SUtUtics  of 

Value  of  crude  and  bar  metal  exported &51, 932 port,^Smdexpart 

Value  of  crude  and  bar  metal  retained 966, 468 

Value  of  crude  and  bar  metal  imported 1, 645, 756 

Value  of  crude  and  bar  metal  consumed 2, 612, 224 

The  mining  industry  of  IS'orway  appears  to  be  declining  DeoUne  of  the 
in  some  important  respects.  The  value  of  the  silver  and  of  ™*"*"«*"*°'*^'y- 
the  iron  produced  annually  since  1870  was  little  more  than 
half  as  great  as  it  was  between  1850  and  1855.  The  copper 
product  has  remained  very  nearly  constant.  On  the  other 
hand,  the  amount  and  value  of  the  nickel  and  the  pyrites 
mines  has  increased  rapidly  since  1860,  bringing  the  total niikeP^Md* *^* 
value  of  the  mining  industry  to  a  slightly  higher  point  than '^***p'^"*^- 
it  reached  twenty  years  ago. 

The  following  tables  from  Dr.  Broch's  volume  exhibit 
the  commercial  relations  of  the  IS'orwegian  mining  industry : 


py- 


Ptoduct  of  the  Norwegian  minee. 


Sflver  ore tons* . 

Copper  ore do. . 

PSfHtfle do.. 

IroD  ore do. . 

Cobidtore do.. 

Chromiam  ore do 

Nickel  ore •. do . . 

Zinc  and  lead  ore do . . 


Prodactof 
the  Norwegian 
mine*. 


Mean  for  the  yeara— 


1881-'Q6. 

1805-70. 

1,900 

2,000 

18,830 

10,880 

18,190 

66^860 

24.495 

20,286 

6.876 

2.200 

(KM) 

10 

8,540 

4,550 

8.000 

1871-'76. 


2.190 

15,010 

72,285 

28,286 

8.115 

90 

18,680 

800 


^Tons  of  1,000  Idloa.  or  2,205  ponnda  aToizdnpoia. 


r 
f 

I 
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Product  of  the  Norwegian  ew^eUUig  worki. 


Product  of 
the  Norwegian 
smelting  works. 


Silver ^..iont. 

Copper do.. 

Copper  BnlpbAte do.. 

Iron do.. 

Cobalt do.. 

Arsenic do. . 

Nickel do.. 


Mean  for  the  ye 

1861-*66. 

IBOe-TO. 

8.8 

8.6 

622.8 

612.9 

8.4 

12.9 

8,860.0 

2,6DS.O 

1&2 

&2 

8.2 

t.6 

12.6 

80.6 

ISTl-TS. 


8L6 

66816 

&• 

1,680.6 
8&1 

as 

110.6 


Yalne  of  the 
product  of  mines 
and  works. 


Value  of  the  produota  of  miiiM  and  worke. 


«< 


I* 

I' 

/ 

/ 


1< 


SIlTer fhuios. 

Copper do.. 

Pyntes do  . 

mm do. . 

Cobalt do.. 

Chromium .' do  . 

Nickel do  . 

Zinc  and  lead do  . 

Total do . . 

Total  in  dollars 


Mean  for  the 


1861-'66. 


720,000 
1, 170, 000 
880,000 
1,680,000 
110,000 
200.  UOO 
140,000 


4,400,000 
880,000 


1806-*70. 


780,600 

1,200,000 

1,970,000 

1,010.000 

60,000 


310,000 
150,000 


6,480,000 
1,006.000 


1871-*7S. 


700,000 

1,400.000 

8,8W,060 

890,000 

150,006 

7.000 

2,050^660 

80,000 


7,607,000 
1,821,400 


rer 


Koiigsberg  sii-     A  Considerable  number  of  ^orwe^rian  mines  exhibited  at 

^         Paris.    The  most  noted  of  them  all  isKongsberg,  so  ifomoos 

for  its  enormoos  masses  of  native  silver,  and  so  pecaliar 

Discovery  in  from  the  fact  that  this  silver  contains  mercury.    The  Kongs- 


1628. 


/ 


berg  mine  was  discovered  in  1623,  and  opened  the  next  year, 
under  royal  auspices,  by  miners  from  Saxony.*  In  1630  a 
mass  of  native  silver  weighing  400  marks,  or  93.5  kilos,  was 
discovered.  A  large  number  of  mines  were  opened  up,  and 
the  number  of  workmen  employed  rose  to  about  4,000.  The 
mines  were  worked  steadily  up  to  the  year  1805 ;  but  not 
having  paid  mnning  expenses  after  1770,  were  shut  down. 
Product  up  to  The  total  production  up  to  1805  was  561,150  kilos  of  fine 

silver. 
Beopening  in  lu  1815t  the  miucs  wcrc  again  opened  by  the  Government 
of  the  United  Kingdom  of  Norway  and  Sweden,  but  upon 
a  smaller  scale.  Only  four  mines  are  now  in  operation,  viz, 
the  Armen  (Poor  Man's  Mine),  Kongens  (King's  Mine), 
Gottes  Hiilfe  (God's  Help),  Has  Sachsen  (House  of  Saxony). 
Of  these  the  first  is  the  deepest,  and  reaches  a  depth  of 
about  1,900  feet.    The  hoisting  in  these  mines  is  performed 

*  BriickmaDD,  Magnolia  Dei.,  etc.,  p.  860. 

t  The  Catalogue  of  the  Norwegian  Exhihity  from  which  moot  of  this  in- 
formation is  taken,  reads  1875,  a  misprint. 


1805. 


1815. 


i 
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by  water-power^  and  the  drainage  and  transportation  in 
part  by  tannels. 

The  ore  is  sorted  and  dressed  by  machinery.  The  native 
silver,  containing  87  to  90  per  cent,  of  the  metal,  is  refined 
by  a  single  operation  in  a  refining  faniace,  which  brings 
it  up  to  0.998  or  0.099  fine.  The  other  concentrations  are 
smelted  with  pyrites  and  rich  slags,  and  the  regulas  is  resil- 
verized  by  lead,  which  is  refined. 

The  King's  Mine  (1,870  feet  deep)  has  been  the  most  pro- 
ductive, and  large  masses  of  native  silver  and  of  argentite 
are  often  found  there.  In  1832  a  single  mass  of  silver 
weighing  500  kilos  (worth,  say,  $20,000)  was  found ;  and  in 
1867  another  of  the  same  size  was  discovered. 

The  present  production  is  from  4,000  to  4,600  kilos  of  sil- 
ver yearly,  besides  10  tons  of  coi)per  derived  from  the  py- 
rites added  in  the  smelting  process. 

The  Kongsberg  mines  exhibited  interesting  specimens 
illustrating  the  ore  deposits,  the  ores  and  native  silver,  and 
maps  of  the  workings. 

Various  nickel  mines  also  exhibited.  The  metal  is  not 
purified  in  Norway,  but  reduced  to  an  alloy  of  nickel  and 
copper  and  other  foreign  substances,  and  exported  to  En- 
gland or  Germany  for  farther  manipulation. 


NORWAY. 


Kongsberg  sil- 
ver mmos. 

Treatment  of 
the  ore. 


Large    masses 
of  naUye  silver. 


Present  pro- 
dnction. 


Exhibit  of  the 
ores,  metal,  uid 
workings. 


KiokeL 


vm. 

B«LQnjM.  BELGIUM. 

THE  BBLaiAN  EXHIBIT. 

^Mt  mineral  The  territory  of  Belgiam  comprises  about  11,372  aqaare 
miles  and  contains  a  population  of  5,300,000  inhabitants. 
Taking  into  account  its  limited  area,  it  is,  in  respect  to  min- 
eral wealth,  one  of  the  most  fiEkvored  countries  of  the  world. 

erai^'TSSiotr^*  ^  ^^^^^  ^^  "^^^  ^  ®*^^  that,  oxccpting  certain  metals,  pre- 
cious stones,  and  some  other  substances  of  but  little  real 
use,  the  country  furnishes  all  the  materials  necessary  to 
satisfy  the  wants  of  mankind.  The  extraction  of  these  sab- 
stances  is  facilitated  also  by  their  mode  of  occurrence  in 

^^^▼on^iethe  rocks  containing  them.    The  geology  of  the  country  is 

tions.  highly  varied,  nearly  all  the  important  and  economically 

valuable  formations  being  represented  among  the  rocks  out- 
cropping at  the  surface;  and  it  is  partly  to  this  circum- 
stance that  the  great  diversity  of  industries  developed  in 
the  land  is  to  be  attributed. 
Coal,  iron,  lead,     Coal,  irou,  lead,  and  zinc  are  of  chief  importance  among 

principal  mineral  the  mineral  resources  of  Belgium;  but,  besides  these,  there 
is  a  great  variety  of  other  valuable  substances,  the  prod- 
ucts of  the  earth,  such  as  materials  used  in  construction,  in 
agriculture,  in  the  arts  and  manufactures,  which  form  the 
basis  of  many  varied  and  extensive  branches  of  industry. 
The  following  table,  which  is  an  abridgment  of  one  pi'e- 
Cornet  on  the  scutcd  by  M.  Comct,  in  his  paper  on  the  Min8i*al  Industry 

tiySBS^um!^  of  Belgium,  shows  the  different  useful  substances  occurring 

in  Belgium,  grouped  according  to  the  geological  formation 
in  which  they  are  found : 

rPeot. 

^       *i      -kx^Ar.^^  #v»,^«*;««  /  Materials  for  bricks. 

L'S^ST''  ^"^""^  formation ^  ^^^^^  ^^^  ^,^^  ^^^^^^ 


and  their  yield. 


t Iron  ore. 

{Materials  for  bricks,  J r«««-*,««*«««. 
Sand.  'j  Construction. 

Gravel  for  road  metal. 
Iron  ore. 


Tertiary 
272 


f  Iron  ore. 
Sandstone  for  nibble,  dressed  stone  for  build- 

inc,  pavements,  refractory  stones,  etc. 
Sands  (construction,  ballast,  molding,  glass 

manufacture,  and  other  uses^ 
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Tertiary 


CretaceoiiH. 


Jurassio. 


Triassic. 


Carboniferoas. 


Devon  iau 


BBLQUJM. 


'  Clays  for  tiles,  drainage  pipes,  pavements, 

bricks,  etc. 

I  Concretionary    limestones  for   Roman    oe- 
\      ment.  Formations  and 

j  Limestones  (dressed  stone  for  building).        ^^^^  y*®*** 
(Marls  for  fertilizers. 


'  Limestones  for  building. 

Phosphate  of  lime  (fertilizer). 

Chalk  for  manufacture  of  lime,  carbonic  aoid, 
etc. 

Silex  for  pottery  and  road  metal. 

Marl. 

Fuller's- earth. 

Clays  for  sundry  uses. 

Sands. 
,  Iron  ore. 


(Limestones  for  sundry  usch. 
Iron  ores. 
Fertilizers. 
Sandstones. 

!  Marls. 
Hydraulic  limestones. 


r  Coal. 
Sandstones  for  yarious  uses. 
Schists  producing  alum. 
Silicious  sandstones  for  road  metal. 
Limestones  and 
Dolomites 


for  various  uses. 


for  various  uses. 


Silurian  and  Cambrian . 


Lead  ores. 
Iron  pyrites. 
Zinc  ores. 
.Barytes. 

'  Limestones  and  \ 
Dolomites  j 

Sandstones. 
Iron  ores. 
Zinc  ores. 
Iron  pyrites. 
Barytes. 
Slates. 
Whetstones. 
Grinding  stones. 


Slates. 

Whetstones. 

Sandstones  for  various  uses. 
^  Cut  stones  for  construction. 

Sands  and  minerals  used  in  pottery. 

Manganese. 
^Manganiferous  iron  ore. 


j..'.^i,i.-> 


Coal — A  broad  and  deep  valley,  formed  by  a  depression    coat 
of  the  Carboniferous  limestone,  traverses  Belgium  from  the 
southwest  to  the  northeast,  passing  by  Qui^vrain,  Mons,    The  region  of 
Charleroi,  Namur,  and  Lifege.    The  rocks  of  this  valley  con-  ;  • 

sist  of  the  coal-bearing  formations,  and  along  its  line  from 
the  French  to  the  German  frontier  active  coal-mining  opera- 
tions are  in  progress. 

The  depth  of  the  coal-bearing  strata,  considered  with  ref- 
erence to  sea-level,  varies  very  much  at  different  points  atinta. 

18  p  B VOL  4 


Depth  of 
the  coal-boarins 
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°'^^"''       along  the  line  of  the  valley,     in  the  near  neighborhood  of 

Namur,  in  the  central  line  or  axis  of  the  basin,  the  lowei 

members  of  the  coal-besiring  formation  are  exposed  at  the 

surface  at  a  height  of  050  feet  above  the  sea.    From  that 

point  the  formation  is  inclined  both  to  the  east  and  the  west^ 

reaching  its  greatest  dei)th  or  thickness  near  the  town  of 

Inclination,  Mons  on  tlic  wcst  and  near  Li6ge  on  the  east.    Beneath  the 

ncM  ofthe  i^ai  town  of  Mons  the  depth  of  the  coal  basin  is  2,270  meters 

mcamnm  (7^445  feet)  bclow  sea-lcvcl.    At  Boussu,  a  little  farther 

west,  its  depth  is  probably  325  feet  greater ;  and,  as  the  alti- 
tude of  that  locality  is  about  100  feet  above  the  sea,  a  ver- 
tical shaft  sunk  at  that  point  would  only  reach  the  lowest 
coal-bearing  rocks  at  the  great  depth  of  7,872  feet.  Near 
Li^ge  the  thickness  of  the  coal-bearing  formation  is  also 
very  considerable,  and  probably  exceeds  4,600  feet. 
bwiiiVSMinr^      By  reason  of  this  inclination  or  dip  of  the  coal  formation 

in  opposite  directions  to  the  east  and  the  west  from  the 
neighborhood  of  !N"amur,  the  coal  fields,  considered  geo- 
graphically, are  divided  into  two  parts — the.  basin  of  Li^ge 
at  the  east  and  the  basin  of  Hainaut  at  the  west.    The  last 
named,  which  is  the  more  important  for  the  production  of 
coal,  includes  in  the  mining  disti-ict  of  Charleroi  that  x)art 
of  the  basin  which  is  situated  in  the  province  of  Namur, 
Relation  of     The  uumbcr  of  coal  seams  occurring  at  any  part  of  the 
cool    seams   to  coal  basiu  is  generally  proportionate  to  the  thickness  of  the 
the   cL^ffOT.  Carboniferous  formation  at  the  part  considered.    They  are 
onn  orma  on.     accordingly  Icss  uumcrous  in  the  province  of  Namur  and 

increase  in  luimber,  both  to  the  eastward  and  the  westward, 
in  approaching  the  districts  of  Lidge  or  Mons.  In  the  west- 
ern basin,  where  the  coal  formation  lijxs  its  greatest  known 
thickness,  there  are  from  130  to  160  coal  seams,  of  which 
about  two  thirds  are  workable.  According  to  Andr6  Du- 
mont  there  are  85  coal  seams  in  the  province  of  Li^ge. 
overiy£g"**^SS  ^^  *^®  provinccs  of  Lifegc  and  Namur,  as  well  as  in  a  por- 
ooai  ineasarcs.    tiou  of  the  i)rovince  of  Haiuaut,  the  coal  formation  is  (50v- 

ered  only  by  the  alluvial  formations  of  the  Meuse  and  the 
Sambre  or  by  inconsiderable  thicknesses  of  the  Cretaceous, 
Tertiary,  or  Quaternary  beds.  The  sinking  of  mining  shafts 
in  those  localities  is  consequently  attended  by  no  very  seri- 
Depth  of  over-  qus  difficiUlics.    Wcst  of  Foutainc  I'Evfique,  in  the  district 

lying  deposits  in  ...  ^      ^ 

hSmI  of  of  Hainaut,  the  deposits  overlymg  the  coal  formation  attain 
a  constantly  increasing  thickness,  reaching  a  depth  of  1,000 
to  1,300  feet  between  the  town  of  Mons  and  the  French 
frontier.  To  pass  through  these  formations,  which  contain 
inexhaustible  sources  of  water  and  quicksand,  some  of  the 
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most  important  and  extensive  works  known  in  the  records      ptLomM- 
of  mining  industry  have  been  undertaken. 

The  rocks  of  the  Carboniferous  formation  most  intimately  ^jedwiththoooA 
associated  with  the  coal  are  schists  and  sandstones.  The 
former  are  the  i)rcvailiug  rocks.  Generally  the  coal  seam 
is  intercalated  between  two  strata  of  schist;  occasionally 
the  coal  is  overlaid  with  sandstone,  and  sometimes,  though 
rarely,  the  sandstone  forms  the  floor  on  which  the  coal  re- 
poses. The  relation  of  the  strata  to  each  other  is  usually 
as  follows : 

Schist. 

Coal. 

Schist. 

Sandstone. 

In  general  the  coal  forms  less  than  a  one-thirtieth  part ^^ thteim«»of'ti5} 
the  whole  material  composing  the  formation.  tSThoi«*f* 

The  thickness  of  the  coal  seams  varies  from  a  few  inches  ««!. 
to  8  or  10  feet,  but  generally  the  workable  seams  are  from 
20  inches  to  4  feet  thick.    Those  less  than  15  inches  are      ThicknMB  tf 
seldom  if  ever  exploited.     The  workable  seams  are  rarely 
composed  of  coal  unmixed  with  other  mateiial,  but  are  fre- 
quently divided  by  thin  layers  of  carbonaceous  schist. 

The  following  is  one  of  a  number  of  examples  represent- 
ing a  vein  of  average  character : 

Inohea. 

CarbonaceouB  scliiBt 2         Example. 

Coal , 15.5 

Carbonaceous  Bchist 6 

Coal 18.75 

Schist 2 


44.45 

Hie  length  of  the  Belgian  ooal  basin,  measured  along  its    umgth  of  Bei- 
central  axis,  from  the  French  to  the  German  frontier  is  170  ^'^"^^^"^ 
kilometers,  or  about  106  miles.     Its  width,  measuring  its 
exposure  at  the  surface  is  variable,  as  shown  by  sections    width. 
at  various  points  named  below : 

IfilM. 

At  the  west  of  Mons,  about 8 

At  the  meridian  of  Cbarleroi,  about $4 

At  the  meridian  of  Namur,  about 2 

At  Huy,  about 3 

At  Seraing,  about 5 

Eastof  Li^ge 11 

The  entire  area  of  the  surface  exposure  of  the  coal  for-    Area  of  work*. 
mation  of  real  economic  value  in  Belgium  is  estimated  at   ^^^ 
532  square  miles,  of  which  total  316  square  miles  are  in  tlie 
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_  baain  of  Mods  and  216  square  miles  are  in  tbe  baaiii  of 
Liege, 

"f  The  exploitation  of  coal  in  Belgium  commenced  at  aveiy 
early  age.  Indeed,  notwithstanding  the  probability  that 
mineral  fuel  was  known  and  used  iu  China  a  thousand  years 
before  Christ,  one  of  the  existiug  legends  concerning  tbe 
history  of  coal  refers  its  first  discovery  to  the  neighbor- 
hood of  Li6ge,  in  the  year  1198,  by  a  smith  named  Hullos, 
from  whom  tJie  name  of  the  mineral  houille  was  derived. 
The  coal-mining  industry  began  to  assume  importance  in 
Belginm  iu  the  Inst  century  and  bus  since  then  been  almost 
constantly  growing,  promoted  as  it  has  been  by  the  use  of 
steam  power,  first  for  drainage  and  later  for  extraction  of 
coal. 

'^  The  complete  statistical  d.ita  cuiicerning  the  coal  industry 
of  Belgium  go  back  only  to  the  year  1830.  At  that  time  the 
annual  production  of  the  country  already  exceeded  3,000,000 
tonnes.  The  annual  increase  since  that  period  appears  in 
the  following  table,  which  shows  the  production  of  the  sev- 
eral provinces  traversed  by  the  coal  basin,  together  with 
the  total  pi-oduction  of  the  country.  From  1836  to  1873 
the  production  of  coal  in  Belgium  was  multiplied  fivefold. 
In  the  last-named  year  it  reached  its  maximum.  Its  dimi- 
nution since  that  date  is  attributed  to  tbe  general  depres- 
sion of  all  industry,  not  only  in  Belginm  but  in  neigbl>oring 
countries. 

Coal  indMiitrg  of  Bdgiam. 


Tabit  or  r 


urconi  in  Bclglnai  In  the  province*  of- 


:>,«IID.01I 

t.!mi.«i& 


3,flBl,T12 


».«S,7J1 
0,1S1,8M 


111.777 
131.4SI 

1tO.<SB 

101.  wa 

159,  Ml 


t3^eM 


377.  toft 
I.MS.  ITS 


mae^ 
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Years. 


Coal  induslry  of  Belgium — Contiuucil. 


Production  of  coal  in  Bclfj^am  in  tho  province  of— 


HRf/)TlTlt. 


1882 
1863 
1864 
1865 
1866 
1867 
1868 
1860 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


Hainaut. 


Tonnes. 

7, 705, 170 

8, 101. 102 

8, 670, 372 

9.200.058 

9,851.424 

9,505.289 

9.808,550 

9, 840  530 

10, 106. 530 

10,037,230 

11,  016, 166 

11, 052, 053 

10,  G08, 130 

10,068,175 

10, 486, 660 


Kamor. 


Tonnet. 
246,500 
255.067 
266,235 
305, 734 
358,687 
380,586 
310.060 
303,638 
838,407 
350,380 
880,688 
450,870 
440. 124 
401,365 
474, 075 


Li^ge. 


Tonne*. 
1. 803, 075 
1, 008, 561 
2, 221,  T29 
2, 328.  Oil 
2, 504. 551 
2, 770, 056 
2, 580, 070 
2,708,726 
8, 162, 181 
3.345,557 
8,653,004 
3, 674, 578 
8, 530, 775 
3, 551, 701 
a.  307, 043 


Luxem> 
boorg. 


Tonnes. 


Total. 


Table  of  pro- 
duction of  eoal: 
1K36-1K76  (from 
former  pagr.) 


Tonnes. 
0,035,645 
10, 345. 330 
11. 158, 336 
11.840.703 
12,774,662 
12. 755, 822 
12, 29K.  580 
12, 042. 804 
13.097.118 
13,  73:1,  176 
15, 058. 048 
15. 778, 401 
14. 06K  020 
15,011,331 
14, 320, 578 


S 


8| 

i 


Qnantity  of  coal — 


1836. 

1837. 

1888 

1830 

1840. 

1841. 

1842 

1843. 

1844 

1845. 

1846 

1847. 

1848. 

1840. 

1860. 

1851. 

1852. 

1858. 

1854. 

1855. 

1856. 

l8Wr. 

1858. 

1850 

1860. 

1861. 

1802. 

1863. 

1864. 

1865. 

1866. 

1867. 

1868. 

1860. 

1870. 

1871. 

1873. 

1873. 

1874. 

1875. 

1876. 


8,072, 
4, 013, 
4,054, 
4,082. 
4, 113, 
4.194, 
4.258, 
4,280, 
4,335. 
4,345, 
4,350, 
4,808, 
4,400. 
4.400, 
4.502. 
4.548. 
4.  »>84, 
4,520, 
4,530. 
4.  SOU, 
4,623, 
4.671, 
4,781, 
4,782, 
4,836. 
4,893, 
4,040, 

4,  Vo4, 
4,820, 
4.^07, 
4.061, 
5,021. 
5.087, 
5, 113, 
6,175, 
5, 215. 
5.265. 
5,308, 
6.336, 


043 
052 
352 
657 
775 
003 
426 
316 
310 
014 
000 
010 
310 
113 
012 
507 
032 
461 
228 
217 
080 
187 
057 
255 
506 
021 
570 
451 
320 
002 
644 
336 
105 
680 
087 
823 
634 
217 
185 


1 

B 

M 

» 

Tonnes. 

3, 074, 404 

3, 228, 807 

3, 290, 271 

3, 470. 101 

3. 020. 063 

4, 027, 767 

4.141,403 

3.082,274 

4, 445. 240 

4. 010. 156 

5,037,402 

5, 601. 450 

4,802,604  I 

5,251,843 

5,820,588  ' 

0, 233, 517 

6, 705, 254 

7, 172, 687 

7, 047, 742 

8, 400. 830 

8, 212. 400 

8,383.002 

8, 025. 714 

0, 160. 702 

0.  GIO,  805 

10. 057, 163 

0,035^645 

10. 345, 330 

11,158,336 

11.840,703 

12.774,662 

12, 765, 822 

12. 208, 580 

12. 042. 804 

13. 607. 118 

13.  r33. 176 

15,658,048 

15.778,401 

14. 660. 020 

15,011,331 

14. 820, 578 


a 


Tonnes. 

22,447 

28,415 

34.703 

28,363 

80,424 

28,062 

35,102 

30,855 

11,440 

0.848 

11,088 

0,030 

0,557 

10.000 

9.307 

0,008 

8.102 

12.845 

63.082 

68.578 

88.700 

140,000 

107. 605 

110,000 

07,000 

02,771 

78.817 

72,007 

68.224 

70.U44 

187,306 

401,130 

247, 740 

230,342 

236,250 

205.838 

221.800 

683,373 

470, 514 

720,534 

826.131 


I 

H 


Tonnes. 
773. 612 
780.083 
775,534 
745. 560 
770, 473 

1. 015. 104 
1, 014. 716 
1,086.321 
1,245.300 
1,543,472 
1, 355, 833 

1. 827. 105 
1,400,570 
1,604.073 
1,087,184 
2, 057, 050 
1, 103, 546 
2,831,505 
2,625,058 
2, 074, 340 
2,866,137 
2.877,012 
3,001,316 
3, 145. 235 
3,450,806 
3, 370, 400 
a200,505 
3. 329,  507 
4,011,107 
4,404,488 
4,865,804 
4, 400. 364 
4,650,000 
4.606.046 

0.  vOv,  o44 

4,308,287 
5, 630, 107 
5,286,100 
4,602,806 
4,005,227 
4, 032. 007 


1 

6 

9 

« 
a 
o 


Tonnes. 
2.323,200 
2, 468. 139 
2. 610, 440 
2. 701. 055 
3.180.914 
3, 041, 535 
3,101,030 
2,026,808 
3.211,200 
3.385,032 
3, 602, 657 
3,  H47. 275 
3,411.681 
3,597.830 
3. 842, 801 
4. 186. 405 
4.600,810 
4.853,037 
5, 374. 860 
5,603,550 
6,434.001 
5.642,060 
5,042,003 
0. 125, 536 
6,257,608 
6. 770, 525 
6,723,867 
7,088,730 
7,216,368 
7,612,250 
8,006,074 
8, 810, 688 
7,887,838 
8,575,200 
0,067,624 
0,570,727 
10,250,681 
11, 175, 584 
10,476,647 
10, 706, 638 
10,623,612 


5-^ 

0.0 

S-2 


Table  of  popu- 
lation. E!ctnio- 
tion,  and  con- 
Biimption  of  cool: 
1836-1870. 


o 
5 


Tonnes. 


0.634 
0.688 
0.784 
0.743 
0.763 
0.600 
0.754 
0.700 
0.852 
0.885 
0.783 
0.811 
0.859 
0.032 
1.043 
1.067 
1. 172 
1.215 
1.107 
1.220 
L285 
1.311 
1.322 
1.415 
1.880 
1.448 
1.460 
1.605 
1.676 
1.800 
1.680 
1.707 
1.050 
1.871 
1.980 
2.142 
1.080 
2.028 
1.072 
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»"^'^^  According  to  the  second  of  the  foregoing  tables,  whicfi 
ConsideraUons  sbows  foF  a  serics  of  ycars  the  population  of  Belgium,  the 
going  tables.**^  quantities  of  coal  produced,  imported,  exported,  and  con- 
sumed, and  the  amount  consumed  per  each  inhabitant,  it 
appears  that  the  consumption  of  coal,  which  in  the  earlier 
years  considered  did  not  exceed  two  and  a  half  million  tonnes, 
or  about  600  kilos  (1,320  lbs.),  per  inhabitant,  increased  in 
thirty-six  years  to  more  than  eleven  million  tonnes,  or  4,712 
lbs.  per  inhabitant. 

If  the  coal  production  of  1873  (the  most  productive  year) 
had  be  en  furnished  in  equal  proportions  from  all  parts  of  the 
surface  of  the  coal  basin,  each  hectare  (2.47  acres)  would 
it^^  ^^  ^^^'  ^^^^  yielded  115  tonnes  of  coal.  The  yield  per  hectare  is, 
of  course,  not  equal,  some  portions  yielding  much  more  than 
others.  In  one  of  the  concessions  (Bonne  Esperance)  near 
Charleroi  each  hectare  of  coal  land  furnished,  on  the  aver- 
age from  2,500  to  3,000  tonnes  of  coal  annually. 

The  foregoing  tables  give  an  idea  of  the  extent  of  the 

coalmining  industry  of  Belgium,  and  of  its  development 

during  past  years.    The  following  data  refer  to  the  year 

1876. 

SjtatisticB:  In  that  year  180  companies  were  engaged  in  the  exploitii- 

tion  of  coal  in  Belgium,  employing  m  the  underground  and 

lAborera.        surfacc  works  together,  108,543  laborers  with  4,6C8  horses 

Sfceftm  power,  and  1,645  steam  engines,  the  latter  cla.ssified  as  follows : 

Horae-power. 

335  engines  for  extraction,  with  39, 322 

3G5  engines  for  ventilation,  with 12, 312 

189  engines  for  drainage,  with 31, 828 

75{)  engines  for  sumlry  uses,  with 8, 689 

1,645  92,031 

* 

With  the  exception  of  a  small  quantity  of  coal  produced 
in  the  mines  that  are  situated  above  the  level  of  the  valleys 
and  worked  by  adits,  the  coal  product  of  the  country  is 

DeptiiofBhafta.  raiscil  from  vertical  shafts.  Many  of  these  do  not  exceed 
300  to  400  feet  in  depth,  while  some  attaiu  a  depth  of  2,500 
feet.  In  1875  there  were  322  bhafcs  in  operation  in  Belgium, 
having  an  average  depth  of  1,150  feet. 

Ooi  raised  In     The  greater  part  of  these  shafts  are  furnished  with  guides, 

can  on  cages.  ox-  07 

and  the  method  of  extraction  is  by  cages,  on  which  cars  are 
raised  from  the  levels  below  to  the  surface.  Most  of  the 
hoisting  engines  are  non-condensing,  some  of  them  having 
styieof engines.  500  horsc-powcr  and  upwards.  For  pumi>ing,  condensing 
engines  are  generally,  but  not  always,  used.  Some  of  these 
have  from  800  to  1,000  horsepower.     In  some  cases  the 


■Hi 


MINING   industries:    COMMISSIONER   HAGUE.  279 

pamps  are  operatod  by  means  of  abalauce-bob  actJDg  upou      ""^^"m- 
tho  pump-rod,  but  in  more  instauces  the  power  is  direct,    coaL 
the  pistourod  of  the  eugiue  beiug  in  line  with  the  pump-rod 
and  connected  with  it. 
Compre^ed  air  iis  a  motive  power  for  machinery  employed  compressed  uir 

*  '■  *f         MT     t         engines. 

in  mines  has  been  in  use  in  Belgium  since  1845,  and  its 
application  is  steadily  increasing  in  extent  and  in  variety  of 
uses. 

Iron. — The  ores  of  iron  worked  in  Belgium  are  hematite,    iron. 
limonite,  and  argillaceous  carbonate.     The  latter  occurs 
sometimes  in  small  quantities  with  the  limonite,  and  it  also      character  of 
occurs  mdependently  in  deposits,  but  which  are  too  small 
to  i>ermit  profitable  exploitation. 

Hematite  is  found  in  various  forms  and  in  very  dijSerent  Hematite. 
geological  x)Ositions,  but  it  is  almost  altogether,  if  not  only, 
in  the  oolitic  form  of  deposit  that  it  is  worked  in  Belgium. 
In  this  condition  it  forms  important  dex)Osits  in  the  quartzose 
schists  that  underlie  the  coal  measures  and  crop  out  on  both 
sides  of  the  valley  containing  the  coal  basin.  The  princi- 
pal mining  oi>erations  are  on  the  north  side  of  the  valley, 
where,  in  the  neighborhood  of  Vedrin,  there  are  four  sepa-  y^±^^  '•^  ®' 
rate  strata,  having  the  dimensions  of  2^  inches,  4  inches,  8 
inches,  and  1 1^  inches,  forming  with  the  intercalated  schists 
a  bed  of  neaiiy  4  ft  et  in  thickness. 

At  Marchovelette  there  are  five  strata,  varying  in  width  Marobovei^"^ 
from  4  to  8  inches.    At  Ville-en- Waret  the  developments  viUcHin-waret, 
have  shown  four  strata,  of  which  two  are  from  8  to  20  inches 
thick,  forming  with  the  interst ratified  schists  a  group  of 
23  to  24  feet.    At  Houssois,  near  Vezin,  at  a  point  where  Houaaoia. 
the  outcrop  turns  abruptly  to  tiie  southwest,  the  beds  of 
hematite  attain  a  thickness  of  about  7  feet.    The  bed  of 
hematite  is  traversed  at  several  points  by  veins  and  faults, 
at  the  contact  of  which  the  ore  and  fhe  inclosing  schists  are 
often  impregnated  by  pyrites,  galena,  and  other  substances 
which  impair  the  quality  of  the  iron  ore.    Along  the  out- 
crop  on  the  south  side  of  the  vaUey  the  developments  a:e 
much  less  important  than  on  the   north.    The  principal 
workings  on  the  south  are  near  Huy,  where  the  formation  «»<*  Hoy. 
comprises  two  layers  of  hematite  having  a  thickness  of  lit- 
tle less  than  lour  feet,  separated  by  a  bed  of  schist  of  about 
one  foot. 

The  average  yield  of  the  hematite  ores  is  from  35  to  40   Percentage  or 

/,  .    .  metal  in  the  hem- 

per  cent  of  metal.  atito. 

The  limonite  ore  also  occurs  in  varied  forms  and  in  de-    Limonite  on, 
posits  of  very  diflerent  geological  position.    In  recent  form- 
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vBxi^^-      ations  it  forms  beds  6  iuches  to  3  feet  or  more  in  thick- 
iron,  ness,  reposing  npon  argillaceous  sands  in  the  depressions  of 
the  surface,  and  mainly  along  the  borders  of  the.  rivers  De- 
Limonite  ore.  mcr,  the  two  Ncthcs,  and  tlieir  afiSuents.    The  ore  from  these 
deposits  is  concretionary  and  porous,  containing  about  40 
per  cent,  of  iron.    It  has  much  phosphorus,  but  is  easily  re- 
duced. 
QuaternAry  li-     lu  the  Quaternary  formation  a  silicious  limonite  is  worked 
SS°^     ^        'near  Qu6vy,  in  the.  district  of  Hainaut,  which,  mixed  with 

argillaceous  sand,  forms  a  bed  varying  in  thickness  from  3 
to  6  feet,  resting  in  a  depression  of  the  Tertiary  sandstone. 
The  ore  contains  phosphorus, 
snperfloiai  de-     The  isolated  and  superficial  deposits  of  iron  ore  occurring 
Kurg.**    '"^"'in  the  province  of  Luxembourg,  and  notably  at  Uuette, 
Athus,  Toenich,  etc.,  also  belong  to  the  Quaternary  forma- 
tion, resting  upon  the  Jurassic,  the  ore  deposits  having  ap- 
parently resulted  from  the  disintegration  of  Jurassic  rocks 
in  the  Quaternary  age.    It  contains  about 30  to  45  percent 
of  metal. 
Tho  iitin  orca     The  Jurassic  formation  which  forms  the  surface  of  the 

of  -  tbe  Jarauic 

formation.         southcm  part  of  the  Belgian  province  of  Luxembourg  and 

of  the  grand  duchy  of  the  same  name,  and  of  the  northern 
portion  of  Lorraine,  is  also  exceedingly  rich  in  iron  ore,  and 
furnishes  a  large  quantity  to  the  Belgian  iron  industry. 
The  ore  from  this  source  is  known  by  the  name  of  minettey 
and  is  an  oolitic  limonite  consisting  of  fine  grains  (from  one- 
third  to  one-sixth  of  a  millimeter  in  diameter).  The  ore 
occurs  in  deposits,  which  are  very  extensive  in  the  localities 
just  named,  but  of  limited  extent  in  Belgium,  forming  beds 
near  the  French  frontier  about  5  to  G  feet  thick.  The  ore 
contains  30  to  45  per  cent,  of  iron.  The  gangue  consists 
chiefly  of  carbonate  of  lime,  silica,  and  a  little  gypsum,  and 
is  very  fusible. 
The  {^onito     The  primary  rocks  of  Belgium,  comprised  between  the 

in  the  primary  lower  ouartzose  schists  and  the  coal  formation,  inclose  many 

important  deposits  of  limonite,  which,  up  to  the  present 
time,  furnish  the  greater  portion  of  the  ore  consumed  in  the 
Belgian  iron  industry.  These  ores  always  occur  in  masses 
or  veins — never  in  stratified  form.  The  deposits  are  often 
of  large  dimensions. 
Table  of  pro.  The  followlug  table  shows  the  productiou, importation,  and 
on.  etc.  exportation  of  iron  ores  in  Belgium  during  a  series  of  years. 
The  notable  decline  in  the  production  in  late  years  finds  its 
explanation  in  the  fact  that  the  Belgian  furnaces  arc  con- 
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stantly  drawiDg  their  sapplies  of  ore  (minette)  more  and 
more  from  the  Grand  Dachy  of  Luxembourg : 


DBUnUM. 


Iron. 


YeMS. 


1850 
1800 
1885 
1867 
1868 
1860 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


nxmoras. 


Prodaoed.  i  Imported.  I  Exported. 


Table  of  pro- 
duction, importa- 
tion, and  exporta- 
tion of  iron  orea : 
1850-1876. 


Townti. 
307,800 
800^170 

1, 018, 231 
6U3. 820 
610, 740 
028,040 
054,832 
em,  212 
749,781 
603,505 
627,050 
365,044 
260,200 


Tonnsi. 


Tonnet. 


1,480 
801, 840 
822,891 
890,282 
651,900 
608,571 
604,405 
700,603 
789,641 
738,885 
804,870 
071,134 


153,114 
230,639 
152, 227 
130,007 
104, 670 
179.807 
102,600 
178,997 
215, 042 
100,144 
141, 707 
100,418 


Of  the  entire  quantity  of  iron  ores  imported  in  1875, 1876,  p^"*  ®'  *"* 
and  1877  about  three-fourths  were  brought  from  the  Grand 
Duchy  of  Luxembourg ;  the  remainder  mainly  from  Prussia, 
France,  Netherlands,  Spain,  and  Algeria.    The  iron  ores   Destination  of 
exported  in  same  years  were  sent  mainly  (over  90  per  cent.)  **^ 
to  France;  nearly  all  the  remainder  to  Prussia  and  the 
Netherlands. 

The  following  table  shows  the  amount  of  pig-iron  pro-  ^^  Table  of  pro- 
duced in,  imported  into,  and  exported  from  Belgium  during  tion,andexporta. 
a  series  of  years :  1S0-187J! 


Years. 


1840. 

1B50. 

1800 

1806 

1807 

1808. 

1809. 

1870. 

1871 

1872. 

1878. 

1874. 

1876. 

1870 


Pig-iron. 


Produced.  I  Imported.  |  Exported. 


144,452 
819, 943 
470, 707 
423,009 
435,754 
534,319 
505,234 
009,230 
065,605 
007,878 
532,790 
640,478 
490^608 


726 

24^864 

63,886 

42,549 

01,000 

82,830 

84,299 

187.008 

146^212 

168,291 

140^886 

207,204 


I 

II 


10,438 

02.345 

41 

22,080 

61 

10.711 

60 

11.002 

■  • 

10,625 

14,200 

10, 170 

48 

48,620 

49 

49,090 

52 

27,208 

64 

10,188 

66 

16,072 

42 

9,479 

81 

The  iron  industry  of  Belgium  is  very  ancient.    In  the    Thj  iron  incius- 
time  of  the  Bomans  the  inhabitants  of  the  Belgian  prov-  in  the   Boman 
inces  were  noted  for  their  skill  and  industry,  and  were  well 
acquainted  with  the  arts  of  the  production  and  manufacture 
of  the  metals.    The  ruins  of  two  furnaces  of  that  period 
were  discovered  a  few  years  ago  at  Lustin,  between  Namur 


282  UNIVERSAL   EXPOSITION    AT   PABIS,  1878. 

^^i^^      and  Denanty  which  threw  much  light  upon  the  methods  of 
Iron.  producing  iron  then  in  use.     In  the  twelfth  century  the  iron 

'IS°  ,SS°"*^  industry  had  already  attained  a  high  degree  of  excellence 

in  too  iztn  cen-  *"  "  o  c» 

*«ry-  in  the  Netherlands ;  and  in  1560  there  were  in  that  country 

^theiethceii.jj^jj.  i^g  ^^^^^  35  melting  furnaces  and  85  forging  establish- 

Improvements  mcuts.    About  the  year  1800  great  improvements  were  in- 
troduced in  the  form  of  furnaces,  increasing  their  height 
from  15  to  25  feet,  and  greatly  enlarging  their  productive 
capacity. 
The  largest  iron  and  steel  establishment  in  Belgium  is 
SodAtA  John  that  of  thc  SociitS  John  Cockerillj  at  Seraing,  founded  in 

oc  er  .  1817.    It  employs  8,750  workmen,  aided  by  250  steam-en- 

statisiics.  giues  of  0,600  horse-power.  Its  daily  consumption  of  fuel 
exceeds  1,000  tonnes,  and  its  annual  production  has  a  value 
of  about  32,680,000  fr.,  or  about  $6,500,000. 

Lead.  LeodandZinc. — The  principal  ore  of  lead  mined  in  Belgium 

Galena.  is  galcua.    It  occurs  only  in  the  older  formations,  where  it 

is  found  in  veins  or  in  masses,  and  either  alone  or  associated 

Mode  of  its  oi  •  with  zluc  blcudc  and  pyrites.    The  gangue  of  the  veins  is 
cnrrence.  generally  a  carbonate  of  lime,  barite,  and  quartz,  with  clay 

and  with  limonite ;  in  the  masses  the  gangue  is  commonly  a 
dark  clay. 
Associates  (>f  In  somc  place^  the  galena  is  often  accompanied  with  other 
lead  minerals,  such  as  cerusite  (the  carbonate),  which  is  quite 
frequent,  and  pyromorphite  (the  phosphate),  which  is  com- 
paratively rare. 

Galena  occurs  in  numerous  veins  in  a  number  of  places, 
many  of  them  too  unimportant  for  exploitation.  The  prin- 
cipal lead-mining  operations  of  Belgium  are  in  progress  in 

Mne  at  Biey-  thc  Celebrated  vein  at  Bleyberg,  near  Moresnet — the  only 
vein  in  the  country  which,  after  having  traversed  the  Car- 
boniferous limestone,  penetrates  the  coal  formation.  At 
the  line  of  contact  it  forms  very  considerable  masses,  which, 
however,  are  worked  with  great  diflftculty,  on  account  of  the 
enormous  quantity  of  water  there,  involving  the  necessity 
of  very  expenjiive  machinery  for  its  removal. 

Zinc.  Th©  zinc  ore  most  imx)ortant  in  the  production  of  that 

Calamine.  mctal  lu  Bclgium  18  commouly  known  as  calamine.  It  is 
a  combination  of  different  oxides  of  zinc,  in  which  the  car- 
bonate, smithsouite,  predominates.  Calamine,  properly  so 
called,  that  is,  the  hydrous  silicate,  is  comparatively  rare,  as 

Blende.  also  is  the  auhydrous  silicate,  willeinite.    Zinc  blende  forms 

also  a  considerable  item  in  the  production  of  the  mines,  but 
its  treatment  being  comparatively  difficult  it  is  less  sought 
for  than  the  other  ores  of  zinc.  In  Belgium  the  ores  of 
zinc,  like  those  of  lead,  are  found  only  in  the  older  forma- 
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tious,  chiefly  the  Devouiau  and  the  Carboniferous  limestone,      BgLomii. 
occumug  in  veins  and  masses,  associated  with  galena  and    zinc. 
pyrites.    The  localities  are  numerous,  but  the  most  impor-  of^S!2?renSi*St 
tant  ai'e  in  the  eastern  portion  of  the  province  of  Lifege.  The  ^'°®  ****• 
ore  there  is  calamine,  generally  associated  with  blende  and 
galena.    The  ore  bodies  occur  as  masses  of  very  considera 
ble  dimensions  and  in  various  geological  positions,  but  gen- 
erally at  the  contact  of  the  Carboniferous  limestone  and  the 
coal  formations.    The  oi*es  of  these  masses,  which  are  some- 
times hundreds  of  meters  in  length  and  breadth,  have  a 
gangue  of  clay  and  sometimes  limonitc,  which  is  worked  for 
iron  ore. 

In  187G,  in  Belgium,  the  lead  product  was  0,963  tonnes,  and  ^  j'J^"®*  **^  ^®*^ 
the  zinc  product  (crude  metal)  was  40,060  tonnes. 

BLE  YBERO'BS'MONTZEN.  BleyberK  minM. 

The  Bleyberg  vein  is  situated  in  the  Carl>oniferoiis  lime 
stone  and  in  the  Coal  Measures,  the  latter  of  which  overlie 
the  former.  The  fissure  penetrates  both  and  has  a  general  cbaracter  aM 
strike  northwest  and  southeast,  forming  an  angle  of  57^  with 
the  meridian  and  115^  with  the  lines  of  stratification.  It 
has  been  recognized  for  a  distance  of  five  kilometers  in  the 
Coal  Measures  and  of  above  two  kilometers  in  the  limestone. 
It  either  stands  vertically  or  dips  at  an  angle  of  75o  or  8()o, 
sometimes  to  the  east  and  sometimes  to  the  west.  Xo  fault 
or  cross-course  has  been  met  with,  but  it  is  believed  that  a 
change  of  direction  toward  the  north  may  be  the  result  of 
such  a  phenomenon. 

The  fissure  is  partly  filled  with  fragments  of  the  country    contontnorMm 
rock.    In  some  places  these  fragments  are  entirely  sur-  "*'^' 
rounded  with  ore.    In  others,  where  the  adjacent  rock  is  of 
a  readily  decomx>osable  character,  the  debris  has  been  so 
closely  packed  as  nearly  or  quite  to  exclude  the  deposition 
of  ore. 

The  ores  are  essentially  galena  and  zinc  blende,  and  of.,    ^OaienAand 

blende. 

these  the  zinc  blende  appears  to  have  been  dei>osited  before   Onier  of  depo- 

the  galena ;  for  while  masses  and  layers  of  zinc  blende  are 

found  free  from  galena,  the  masses  of  galena  are  invariably 

mixed  with  zinc  blende.    Small  quantities  of  copper,  anti-     oooonvooe  or 

mouy,  and  silver  minerals  are  also  met  with.    Wherever  the  ***^®''  mot«i*- 

interstices  between  the  fragments  of  wall  rock  were  of  any 

size,  the  ore  exhibits  the  ordinary  banded  structure. 

Subsequently  to  the  deposition  of  the  ore,  calcit^  quartz  ^.,j'^**®**'y  "J^^ 
and  iron  pyrites  have  crystallized  out  from  solution,  and  now  ^^^^  ^^  *^»> 
form  a  portion  of  the  vein  matter. 
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DRLoiuM.  Many  plienomeua  make  it  evident  that  subsequently  to 

Bieyberg mines,  the  tilling  of  the  veius  the  fissure  has  reopened  and  closed 
again.    This  action  has  resulted  in  slickensides,  the  disturb- 
ance of  the  original  deposits  of  ore,  and  the  fracture  of  the 
mineral  crystals, 
widthofmetai-     The  mctallifcrous  portion  of  the  vein  has  a  totid  width  of 

lifej^na    portion  *■  , 

of  the  vein.        90  ccntimeters  J  in  those  portions  of  the  vein  which  are 

densely  filled  withd6brivS,  and  in  which  the  walls  have  given 
way  extensively,  the  width  is  much  greater. 
Vein  traveraca     ^q  difference  is  perceptible  in  the  mineral  filling  of  the 

thelimestonoand  x-  i  o 

the  coal  mea«.  yeiu  betwceu  thosc  portioiis  which  traverse  the  limestone 

and  those  in  which  the  walls  belong  to  the  Coal  Measures. 
At  one  point  in  the  limestone  a  cave  500  meters  long  and  70 
meters  wide  and  about  the  same  depth  adjoins  the  vein  on 

d^dl^^"**^^*  *^®  hanging  wall.  Large  quantities  of  ore  of  banded  struct- 
ure have  been  deposited  upon  the  sides  of  this  cave,  but 
the  greater  portion  has  been  dislodged  by  violent  earthquake 
shocks,  and  has  rolled  down  in  fragments  into  the  fissure. 
Enough  is  left  in  place,  however,  to  show  the  origin  of  what 
has  been  dislodged. 
Remarkable     ^^  the  coutact  between  the  limestone  and  the  Coal  Meas- 

bedded  maas  of 

galena.  ures,  and  adjoining  the  vein,  a  remarkable  bedded  ma^s  ex- 

ists. It  is  supposed  that  at  this  point  there  was  a  valley, 
where  a  sort  of  lake  was  formed,  which  was  fed  for  a  long 
time  from  springs  highly  charged  with  plumbiferous  matter. 

Theory  as  to  The  Tcsult  WHS  the  formation  of  a  large  mass  of  galena  with- 
depoeit  out  paitiugs  and  reposing  solidly'  upon  the  underlying  rocks, 

and  was  not  broken  up  by  the  force  which  reopened  the  fis- 
sure.   This  deposit  is  only  some  40  meters  from  the  present 

The  overlying  surface  J  it  is  covcred  with  materials  originating  in  the  Coal 
Measures,  with  various  clays,  and  with  Tertiary  strata,  which 
are  horizontal  and  lie  unconformingly  on  the  limestones  and 
coal  measures. 

Immense  flow     There  is  Said  to  be  no  mine  where  the  flow  of  water  is  ko 

of  water  into  the  ^,      .  r^-,  ..*«!• 

Bieyberg  mine,  great  as  at  Blcybcrg.  The  average  quantity  is  33  cubic  me- 
ters i>er  minute,  but  the  amount  occasionally  rises  to  the 
enormous  figure  of  45  cubic  meters  (nearly  1,600  cubic  feet^ 
or  12,000  gallons)  after  heavy  i*ains  or  when  the  snow  lb 
Qnantity  melting.    The  quantity  pumped  from  a  depth  of  182  meters 

^*™°^*  has  been  for  some  years  past  18,000,000  cubic  meters.    This 

Canse  of  tho  tremcudous  flow  of  water  is  due  to  the  geological  conforma- 

wSter.     ^^  ^  tion  of  the  surrounding  country.    The  mine  lies  between 

two  ridges  in  a  synclinal,  in  such  a  way  as  to  receive  the 
drainage  of  a  large  area.  The  basin  is,  indeed,  in  part 
drained  by  the  river  Giieule  and  its  tributary  brooks,  but 
wherever  these  streams  pass  over  porous  or  broken  ground. 
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water  from  them,  too,  percolates  into  the  mine,  and  in  such      °*">'^^- 

quantities  that  it  has  been  necessary  to  convert  the  beds  of  BieybergmiDt. 

the  streams  into  canals  by  covering  them  with  clay  held  in 

place  by  stone  flags.    Four  thousand  meters  of  the  river  the  oSeiifo*^  ^ 

Gueule  and  12,000  meters  of  its  tributaries  have  been  thus 

treated,  together  IG  kilometers,  or  about  10  miles. 

The  force  employed  in  pumping  amounts  to  3,300  horse-  gi^^^^^^^  ®°' 
power,  and  the  annual  cost  is  500,000  fr.    A  water-wheel  of   Annual  coat. 
12  meters  in  diameter  and  2.68  meters  in  width,  which  drives      Water-wheei 

'  sapoTsedea      by 

pumps  of  GO  centimeters  in  diameter  and  1.50  meters  stroke,  (-'omwh   engine 

'  and  that  by  ro- 

was,  up  to  1847,  the  principal  engine  used  in  pumping,  and  tary    compound 

.,,__  y»«  condensing     en- 

still  develops  a  force  equal  to  90  horse-power.  Comish  steam-  gine. 
pumping  engines  were  introduced  in  1847,  and  in  1867  the 
company  had  the  credit  of  ordering,  and  the  John  Cockerill 
Company  of  building,  the  first  powerful  rotary  engine  em- 
ployed in  pumping.  This  machine  is  a  direct-acting  com- 
pound condensing  engine  of  640  horse-power ;  the  fly-wheel 
with  its  shaft  weighs  52  tons,  and  the  pistons  have,  respect- 
ively, diameters  of  1.63  meters  with  a  stroke  of  1.25  meters, 
and  of  2  meters  with  a  stroke  of  2.50  meters.  The  pumps 
of  this  engine  are  force-pumps  of  i^o  centimeters  in  diameter 
and  2.50  meters  stroke.  Their  capacity  is  840  liters  i)er  stroke.  Capacity. 
The  engine  makes  10  revolutions  per  minute,  and  is  supplied 
with  steam  from  8  Cornish  boilers,  with  two  fires  each.  This 
first  application  on  a  large  scale  of  rotary  pumpiug-engines 
has  been  widely  imitated.  During  six  years  of  constant  use 
no  accident  lias  happene^l  to  the  machine,  and  it  has  con- 
sumed an  exceptionally  small  amount  of  fuel.  The  coal,  by  i>uty. 
actual  experiment,  is  only  1.25  kilos  per  horse-power.  Thanks 
to  the  good  machinery,  the  mine  has  not  been  shut  down  for 
an  instant  for  more  than  20  years. 

The  main  difficulty  in  mining,  beyond  that  caused  by    ^*J'i^  ^^f' 
water,  arises  from  the  want  of  cohesion  of  the  ore  in  the  large  ing- 
ore  bodies.    These  are  extracted  by  cross-cuttings,  while 
in  the  veins  the  method  is  by  overhand  stoping.    There  arc 
numerous  shafts  for  hoisting  and  ventilation,  furnished  with 
engines  of  from  8  to  12  horse-power.    In  spite  of  the  great 
danger  caused  by  the  enormous  quantity  of  water  and  the 
loose  character  of  the  ground,  accidents  are  of  very  rare    Rarity  of  acci- 
occurrence,  and  the  number  of  miners  killed  amounts  to  one 
in  700  each  year. 

There  is  a  large  ore  dressing  establishment  attached  to    oredroMing. 
the  mines,  employing  a  force  amounting  to  45  horse-power 
and  using  800  cubic  meters  of  water  per  hour.    The  ma- 
chinery consists  of  jigs,  percussion  tables,  etc,  as  is  usual 
in  works  of  this  class,  and  the  capacity  is  180  tons  of  un-    capadty. 
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™^*^    _  dressed  ore  iu  ten  bours.   The  ore  as  it  comes  from  the  mines 

contains  18  per  cent,  of  valuable  matter.    The  zinc  ore  is 

TstarSr^ore  ^^^^^^^*'  ^P  ^  ^  tenor  of  45  per  cent.,  the  galena  to  80  per 

cent.,  and  the  cerusite  and  the   pyromorphite  to  65  per 

cent. 

Funiaces.  The  Blcybcrg  Company  tre^its  most  of  its  own  ores.    The 

zinc  furnaces  are  of  the  Belgian  type,  and  the  lead  furnaces 

those  known  in  mining  literature  as  "  Bleyberg  furnaces.'* 

Deriirerization.  The  loss  of  fumc  amouuts  to  almost  nothing,  and  there  is  no 

lead  colic  among  the  men.    The  lead  is  desilverized  in  the 

works  (process  not  stated),  and  the  market  lead  produced 

is  of  great  purity.    The  Bleyberg  Company  is  said  to  have 

Chemically  been  the  first  to  guarantee  the  almost  chemical  purity  of  its 

pure  ea  .         leads,  and  to  sell  on  the  basis  of  analysis  made  by  both 

seller  and  buyer.    Hundreds  of  these  analyses  might  be 
shown  in  proof  of  the  excellence  of  the  products.    The  fur- 
nace lead  carries  only  some  eight  dollars  per  ton  in  silver. 
PitMiuction     Since  the  organization  of  the  company  in  1853  up  to  the 
year  1878  the  works  have  produced  59,940  tonnes  6f  lead 
and  29,934  tonnes  of  zinc.    Over  $4,000,000  have  been  dis- 
Dividends.      tributcd  in  dividends — about  four  times  the  original  capital. 
Wkmens*     The  advantages  and  inducements  to  workmen  to  remain 
in  the  emplojrment  of  the  company  usual  in  Europe  are 
given  at  Bleyberg,  and  in  1867  the  company  received  honor- 
able mention  at  the  Paris  Exposition  for  their  caro  of  the 
welfare  of  the  miners. 

VieUe-Mon-  THE  VIELLBMONTAGNE. 

tagne  Mining  Co. 

The  Viello-Montague  Mining  Company  is  probably  the 

most  famous  association  of  the  kind  in  Europe.    It  derives 

Immense  ox-  its  importauCyC  not  only  from  the  extent  of  its  operations, 

tent  and  wide  dis-  -,  iV.  «,.  •■  ■,  . 

tnbutinn  of  itsbut  fi'om  the  number  of  establishments  counted  among  its 
prope  IPS.        property,  and  their  wide  geographical  distribution.     The 

following  is  a  list  of  the  works  of  (he  company : 

In  Bel;(iam.  BELGIUM. 

JVclkenraedt. — Mine  of  calamiu- ,  zinc  blende,  and  lesd ;  ore-dressin*; 
works ;  calcining  furnaces. 

Amglcur. — Zinc  fonndry  and  rolling  min. 

Ji/^ (near  Li^ge).  -Rolling  milk. 

SU  Leo^iard  (at  Li^ge). — Zinc  famaces. 

Valentin-Cooq  (station,  Jemappe). — Zinc  furnaces,  zinc-white  works, 
and  colliery. 

FlSne  (station,  Hermalle). — Zinc  and  lead  mines,  bTende-roasting  fur- 
naces, and  zinc  furnaces. 

BaldaZ'Lalcre  (station^  Fl^imdle). — Collieries  and  coking  fomaoes. 

Moresnet, — Mines  nf  emUunine,  ore-dressing  works,  n>lrining  fomaeca, 
and  zinc  foniMva. 
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2S7 


GBRMAKY. 


BRLQIUM. 


Borbeck  (near  Esseu). — Zinc  fonndry.  Dlatrlbutlon 

Oberhausen, — Rolling  mill ;  blende-roasting  furnaces.  Yi<£e-MomUgne 

Bettsberg. — Lead  and  ssinc-blende  mines  and  ore-dressing  works.  ^^- 

Uckerath  (Siegen  district).— Mine  of  zinc  blende,  lead,  and  copper,  and    ^n  Genmany. 

ore-dressing  works. 
Mayen  (near  Coblenz). — ^Mines  of  zinc  blende,  lead  and  copper,  and 

ore-dressing  works. 

Wiesloch  (near  Manheim). — Mine  of  calamine ;  ore-dressing  works. 


PRANCK. 


In  Franco. 


Aanib'ea  (near  Paris). — Zinc-white  works. 
Bray  (Ense). — Rolling  mills. 
Sainte  Marie  (Oise). — Rolling  mills. 
DrMitecourt  (Oise).— Rolling  mills. 
Vivieg  (Aveyron). — Fnmace. 
Panchot  (Aveyron). — Rolling  mills. 

SWEDEN. 


In  Sweden. 


Ammeberg  (near  Askersnnd). — Mines  of  zinc,  copper,  and  cobalt,  ore- 
dressing  works,  and  blende-roasting  furnaces. 


AIOBRIA. 


Hammam  and  Ain-Safra  (province  of  Constautiue). — Calamine  mines. 


SARDINIA. 


In  Algeria. 


In  Sardinia. 


Various  calamine  mines,  owned  wholly  or  in  part  by  the  company, 
in  the  district  of  Igl^ias. 

The  eompauy  has,  besides,  nuinerons  agencies  in  varioas 
countjries  tor  the  purchase  of  ores  and  for  the  sale  of  prod- 
ucts. 

The  establishments  above  enumerated  contain  179  «n- j,^,y,^pj^^'*^ 
gines,  representing  a  collective  power  equal  to  about  4,450  ®°s*"**- 
horse-power — English. 
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The  foUowiog  data  as  to  the  employes  of  the  company      bklgiuh. 

for  the  year  1877  may  be  of  interest :  vieUeMon- 

tagne  Mining  Co. 

Average  namber  of  workmen  employed 7, 121         Statistics  of 

Number  of  persons  dependent  on  their  wages 14, 481 JJ^  ™®°*  wages, 

Ttiial  number  of  persons  supported  by  wages  paid  by  the 

company 21,602 

Regular  wages  paid  for  the  year (1,318,830 

Preminms  paid  for  extra  good  work f  118, 877 

Total  amount  paid  to  hands 91,437,707 

Number  of  days' work  done 2,290,699 

Mean  salary  per  head  per  day $0.63 

As  will  be  seen  from  the  foregoing  table,  a  considerable  beneflts**^'^*^"* 
sum  is  yearly  expended  in  the  encouragement  of  excellence 
in  workmanship  and  of  faithfulness  in  discharge  of  duty 
on  the  part  of  the  men. 

The  wages  paid  are  low,  but  the  men  enjoy  a  number  of  ^^^    w^kSem? 
facilities  not  offered  by  American  mining  companies.    The fSJjal^**^c^i 
company  provides  quarters,  commonly  cottages  with  gar-**o»^®*«- 
den«*  attached,  at  very  low  rates,  and  encourages  the  pur- 
chase of  these  houses  on  a  very  favorable  installment  plan. 
It  also  contributes  largely  to  hospital  insurance  funds,  to 
the  8up|)ort  of  schools  and  of  churches,  and  even  aids  in 
the  support  of  various  clubs,  musical  societies,  etc.    In 
shoi-t,  a  systematic  effort  is  made  to  attach  men  perma- 
nently to  the  service  of  the  company. 

Note  on  the  deposit  of  zinc  ore  and  the  smelting  works  at  Mores-    Moresnet. 

net. 


'S- 


The  deposit  of  calamine  of  Altenberg  or  Kelmisberg  be-    Doposttsofcni. 
longing  to  the  Vielle-Montagne  lies  in  the  lower  part  of  the  ^"^"i^ig,^^, 
limestone  strata  of  the  Carbonifefrons  formation.    This  lime- 
stone is  for  the  most  part  converted  into  dolomite.    It  occu-    Geological  oi- 
pies  the  extremity  of  a  zone  which  simulates  a  basin  raised  ®""*"*^- 
toward  the  surface  on  one  side  and  buried  on  the  other. 
At  the  place  where  the  metalliferous  deposit  occurs  it 
reaches  a  width  of  600  meters.    This  basin  of  dolomite  and 
ore  is  in  its  turn  inclosed  in  soft  dry  Devonian  schist,  which 
rises  on  both  sides  of  the  basin.    A  bed  of  quartzose  dolo- 
mite^ carrying  large  quantities  of  water,  separates  the  two 
rocks.    This  bounds  the  dolomite  formation  and  the  whole 
deposit  with  remarkable  regularity. 

This  ore,  which  is  composed,  towai'd  the  surftice,  princi-    DeponUof  rich 
pally  of  carbonate  of  zinc  of  great  purity  and  richness,  and  JJ^I  p°"*  t  arbou 
without  a  trace  of  lead  or  zinc  blende,  has  filled  the  basin 
thus  raised  on  one  side  nearly  full,  and  crops  out  on  the 
surface  to  a  very  con^derable  extent. 
10  p  B VOL  4 
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_  mjA}tijM.         The  formation  of  Kelmisberg,  which  is  entirely  surrounded 


vieiie-Moii-  bv  doloiuite,  does  not  anywhere  come  in  contact  with  other 

tagne  Mining  Co.     ^^  7  ./ 

rocks,  and  must  be  considered  as  resulting  from  the  slow  and 
Keim2Sor****°  ^^ OTodual  cluinge  of  the  inclosing  rock  into  ore  by  an  excha/nge  of 
bases.  It  cannot  possibly  be  considered  as  a  deposit  of  sec- 
ondary origin,  such  as  many  of  the  contact  deposits  of  the 
country  unquestionably  are. 

Tliis  remarkable  deposit  was  most  largely  developed 
towards  the  surface ;  its  length  may  have  reached  450  me- 
ters, and  its  breadth  from  100  to  150  meters. 
Theory  of  the     xiic  wholc  of  the  hollow  formed  by  the  basin  at  the  sur- 

modo  of  deposit.  *^ 

face  appears  to  have  been  filled  with  ore,  or  with  rock  im- 
pregnated with  metalliferous  salts.  The  most  highly  con- 
centrated and  most  remarkable  portion  of  this  ground  is 
situated  at  the  northern  extremity  of  the  basin,  and  is 
almost  entirely  separated  by  a  projecting  point  of  dolomite 
from  what  is  known  as  the  southern  body.  Toward  the 
southwest  the  deposit  is  continuous,  but  is  hidden  under 
the  dolomitic  rocks.  It  has  been  followed  to  the  consider- 
able depth  of  110  meters,  and  it  is  between  this  level  and  a 
depth  of  75  meters  that  the  actual  workings  are  being  car- 
ried on.  The  filling,  that  is  to  say,  the  metalliferous  sub- 
stance, appears  to  have  been  very  different  at  the  surface 
Change  in  the  from  what  it  is  iu  depth.    While  at  the  surface  the  ore  was 

character  of  the  *^ 

ore    at    lower  nearly  pure  carbonate,  lower  down  it  was  mixed  with  hy- 

drated  silicate,  which  gradually  increased  until  at  a  certain 
depth  it  came  to  form  the  larger  portion  of  the  ore.  An- 
hydrous silicate,  willemite,  so  characteristic  of  the  Kelmis- 
berg deposit,  has  always  been  found  in  large  masses,  of  a 
hundred  cubic  meters  or  more,  scattered  without  any  rule 
in  the  mass  of  the  other  ores,  and  completely  surrounded 
by  them. 
First  workings     The  first  shafts  are  said  to  have  been  sunk  in  the  north- 

.tur>^*  ^^^^  ^°em  deposit,  in  the  fifteenth  or  sixteenth  century.    Without 

au}^  knowledge  of  the  metal  which  the  ore  contained,  the 
Use  by  hrass-  brass  foundcrs  at  Aix-la-Chapelle  and  its  neighborhood  used 

•founders  ot   the  ,  ,  nm  .  . 

crude  ore.  the  mineral  in  its  crude  state.  From  ancient  times  and  up 
Abb6  Dony's  to  the  beginning  of  the  nineteenth  century,  when  tlie  Abb6 
Dony  constructed  the  first  furnace  for  the  reduction  of  zinc 
(180G),  the  amount  of  ore  taken  from  the  deposit  at  its  crop- 
pings  was  inconsiderable.  The  work  done  after  the  begin- 
ning of  this  century  was  no  doubt  more  thorough,  but  it 
Regular  pro-  was  uot  uutil  1846  that  regular  or  serious  operations  were 

.eeeding«inl846.  ,  *=*  ^ 

begun, 
yisidofisos.       Ill  the  year  1855  the  yield  was  probably  the  greatest 
which  had  ever  been  taken  from  a  metalliferous  mine  of  this 
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descriptdon.    It  reaches  the  figure  of  137,000  tons  of  ore  as      Belgium. 
it  came  from  the  mine,  or  50,900  tons  of  concentrated  ore  j       vieUe-Mon- 
the  northern  deposit  was  the  ore  principally  worked  by  ^^^^      ^^ 
former  generations,  but  it  yielded  a  large  amount  of  ore  as ^^^*^^^^^f * 
an  open  cast  between  184G  and  1850,  when  the  bottom  of  ^^®^ 
the  basin  was  struck  at  from  twenty-five  to  thirty  meters 
below  the  surface.    It  is  estimated  that  in  all  no  less  than 
1,500,000  tons  were  thus  removed  up  to  1S5G. 
From  the  year  1850  on,  the  workings  have  been  entirely        Sabsequent 

yield  of  the  work* 

underground,  and  have  embraced  both  the  north  and  south  iogt. 

ore  bodies.    The  whole  quantity  of  ore  extracted  from  these 

deposits  is  known  to  amount  to  at  least  200,000,000  tons, 

representing  about  a  million  and  a  half  tons  of  first-class 

tenor  and  quality.    The  ore-di-essing  works  were  built  in    Ore  dreaaers. 

1850,  and  since  that  time  have  been  brought  to  the  highest 

state  of  perfection,  and  are  almost  altogether  automatic; 

200  tons  of  material  can  here  be  treated  in  ten  hours,  and    Capacity. 

yield  above  80  tons  of  concentrations.     For  some  years 

past  the  ores  from  the  ancient  waste-dumps  and  those  from 

the  newer  workings  have  been  separately  treated. 

The  smelting  works  handle  only  the  ores  from  this  local-  smeitingworks. 
ity.  These  are  for  the  most  part  very  refractory,  being 
mixtures  of  silicate  and  carbonate,  and  are  often  at  the  same 
time  very  fusible,  from  the  presence  of  double  silicates  of 
lime  and  alumina.  These  two  circumstances  make  reduc- 
tion very  difficult,  for  it  can  only  take  place  at  very  high 
temperatures,  which  are  accompanied  by  the  formation  of 
slag  and  consequent  losses. 

The  furnaces  employed  are  on  the  Belgian  system,  and   Furnaces. 
contain  130  tubular  retorts  each. 

The  works  possess  four  blocks  of  furnaces  charging  2,400    capacity. 
kQos  of  ore,  reaching  an  average  production  of  850  kilos  of 
metal,  with  a  consumption  of  3,300  kilos  of  coal  per  24 
hours,  of  which  20  per  cent,  is  lean  coal  and  the  rest  bitu- 
minous. 

It  is  at  the  works  of  Moresnet  exclusively  that  the  almost 
chemically  pure  zinc  is  produced  which  is  employed  in 
making  blanc  de  neige  and  for  art-castings. 


AUSTRIA-HUN- 
OABT. 


AUSTRIA-HUKGABY. 


THE  AUSTEO-HUNGABIAN  EXHIBIT. 


intoromtion-  Dr'     ^^®  following"  Outline  of  the  present  condition  of  the 
H.  F.  BracheiiL    mining  industiy  of  the  empire  is  made  up  of  material  pre- 
sented in  the  official  catalogue  of  the  Austrian  exhibit  and 
gathered  by  Dr.  H.  F.  Brachelli. 
t^^^theEm'     "^^^  AustTo- Hungarian  Empire  is  exceedingly  rich  in  ores 
pirv.  and  technically  valuable  minerals,  and  is  not  surpassed  by 

any  other  state  in  Euroi)e  in  respect  to  their  variety.  A 
greater  development  of  the  mining  industry  of  the  country 
is,  however,  most  desirable. 

The  number  of  persons  employed  in  this  branch  of  indus- 
try and  the  results  for  1875  were  as  follows : 


Table  of  work* 
menauUpi-odiict; 
1875. 


Austria. 


WOBKMBN. 

At  tbe  mines number. . 

At  smelt  ing  works   do ... ' 

At  the  salt  works do. . . 


83.581 

10.438 

8,805 


Total 


102, 824 


TALUK  OF  PRODUCT. 

Mint's  florins . . , 

Smcltinf:  works do. . . ' 

Salt  works do. . . 


42, 800, 000 
25, 200. 000 
20,*600. 000 


Total 


88,  GOO,  000 


Hungary. 


} 


42. 391 
1,192 


The  empire. 


136.410 
10,7flr7 


44,383 


19.700,000 
10, 200, 000 


29.900,000 


147.207 


87, 700, 000 
30, 800. 000 


118, 500. 000 


^MomwJ^vaiue  Thcsc  valucs  appear  to  be  given  in  paper  florins,  which 
fluctuate  slightly  in  value.  From  the  value  of  the  silver 
product  mentioned  in  Dr.  Brachelli's  essay  I  have  calcu- 
lated that  the  florin,  a^  used  by  him,  is  equivalent  to 
$0.4435,  while  the  value  of  the  sUver  florin  is  $0.4878. 

domlto  ^ilf  ^°the     ^^  mineral  deposits  of  technical  value  are  property  of 

the  crown,  and  prospecting  and  exploitation  can  only  be 
undertaken  with  the  permission  of  the  mining  authorities, 
whose  duty  it  is  to  see  that  all  mining  operations  are  carried 
out  according  to  law.  A  large  proportion  of  the  most  val- 
uable mines  in  the  empire  are  owned  and  worked  by  the 
state. 
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The  principal  results  of  the  miueral  indastry  in  1876  were   ^^^J^^^""^' 
as  follows :  


Mineral  produce  of  Auetria-Hungary  in  ld76. 


Gold kilos. 

SilTer do. . 

QiiickailTer do  . 

Iron tons*. 

True  coal do. . 

Brown  ooal do  . 

Salt - do  . 

Copper , do. . 

Lead  and  litliarge do. . 

Zinc do.. 

Tin do  . 

Qraphite do.. 

Petroleum do  . 


Austria. 

Hungary. 

14 

1,890 

25,166 

22,784 

375,400 

23.100 

273.046 

127.879 

4. 834. 335 

636,091 

6,033,882 

8)^,139 

240,465 

120. 115 

442 

1,025 

7.529 

2,419 

3,079 

567 

207 
12, 717 

1.064 

1,967 

Mineral  pro- 
ducts of  the  Em- 
pire in  1876. 


The  empire. 


1,904 

47.950 

398,500 

400,4^ 

5. 571. 326 

7,817.521 

369.580 

1.467 

9.948 

4,5M 

207 

12.717 

3,081 


Occurrence 
of  minerals  and 
metals: 


Iron. 


Cold    and    lig- 
nite. 


*0f  1,000  kilos  or  2,205  lbs. 

Besides  these  a  namber  of  others  might  be  enumerated, 
sach  as  ores  of  cobalt,  nickel,  manganese,  arsenic,  bismuth, 
antimony,  and  uranium,  and  some  others. 

A  few  words  on  the  distxibution  of  the  valuable  minerals 
may  be  a  not  unwelcome  addition  to  the  table. 

Oold  is  found  in  notable  quantities  only  in  Hungary  and   Gold. 
Transylvania,  Silver  in  the  same  countries  and  in  Bohemia;    suvor. 
Quicksilver  almost  exclusively  at  Idria  in  Camiola,  but  de-    Quicksilver. 
posits  occur  in  Carinthia,  and  a  small  quantity  is  obtained 
in  Hungary  from  tetrahedrite.    Iron  is  found  and  smelted 
in  almost  every  province  of  the  empire,  but  Styria  leads  in 
this  branch,  and  produces  over  a  quarter  of  the  whole. 
Coaly  both  true  and  brown  or  (in  part)  lignite,  is  found  in 
large  quantities  in  the  northern  portion  of  the  empire,  in 
Bohemia,  Moravia,  Austrian  Silesia,  and  Galicia.     Hun- 
gary also  produces  some  coal,  but  the  southern  provinces 
are  badly  off  for  fossil  fuel.    Salt  is  found  in  enormous  and 
nncontaminated  deposits  in  the  Carpathian  Mountains  and 
is  also  won  by  solution  in  great  quantities  in  Salzburg. 
Copper  is  found  chiefly  in  Salzburg;  Lead  in  Bohemia,  at   copper:  lead 
Pribram,  while  in  Carinthia,  Villach  is  a  famous  lead-pro- 
ducing locality.     Zinc:  Western  Galicia,  Carinthia,  and    zinc. 
Garniola  produce  zinc,  and  the  Tyrol  must  now  be  added, 
as  will  appear  in  this  report.     Tin  is  obtained  only  at  one    Tin. 
or  two  8i>ots  in  Bohemia  (Ziiinwald,  etc.).     Oraphite  comes    Graphite. 
mostly  from  Bohemia,  but  is  likewise  obtained  in  Moravia 
and  Southern  Austria.    Petroleum  is  found  in  Galicia,  as    Petroleum. 
are  also  the  paraffin  minerals,  but  not  nearly  in  sufficient 
quantities  to  supply  native  consumers. 

Mining  has  been  dull  of  late  years  in  the  empire,  except 
in  the  collieries,  which  have  increased  their  output  largely, 


Salt. 
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owiDg  chiefly  to  the  large  exportation  of  brown  coal,  which 
-  ia  however  partially  balanced  by  a  large  importation,  moaUy 
of  Prussian  coal. 

Coal. — The  development  and  extent  of  the  coal  produc- 
tion of  Austria-Hungary  may  be  seen  from  the  following 
table,  in  tonnes :  • 


Tean. 

TnuxMMd. 

BroiTDCMa. 

ToUL 

im 

R,35S.»t4 

7.708.1UiS 

1131K,5M 

'SMt  und  Bfttn,  by  J.  Pechu-. 

ReiBiiTB  Kre^t-     xt  is  a  remarkable  fact,  and  one  of  great  importance  to 
Diie  pntdnciioD.  Austria,  that,  as  may  be  seen  &om  the  figures,  the  increase 
in  the  product  of  lignite  is  much  more  rapid  than  that  of 
true  coal.    This  is  a  consequence  of  the  rapid  increase  in 
the  production  of  the  lignite  fields  of  the  Erzgebirge,  which 
yield  brown  coal  of  a  peculiarly  good  quality.   Austria,  to 
Co»i  fl»id<  iim.  be  sure,  has  no  true-coal  fields  to  be  compared  with  those  of 
England  or  Westphalia.   Ou  the  contrary,  the  coal  fields  are 
of  small  extent,  with  the  exception  of  that  of  Kladno- 
Schlau-Eakonitz,  and  are,  moreover,  frequently  of  such  a 
bat  Df  good  qaah  character  as  to  be  worked  only  with  difficulty ;  the  quality 
'*'^'  of  the  coal,  however,  is  for  the  most  part  excellent,  espe- 

cially for  coking. 
LncBiiticB  or    The  Austrian  true-coal  fields  lie  for  the  most  part  on  an 
east  and  west  line,  beginning  at  Filzen,  on  the  Bavarian 
frontier,  and  reaching  to  Oalicia,  on  the  Russian  frontier; 
there  is,  however,  also  coal  in  the  east  and  southeast  of 
Hungiiry,  in  the  Fuenfkircben  and  Styerdorf  basins. 
TheUgnitAiio-     The  liguitc  deposits  of  Austria  are  inexhaustible  and 
f""'*-  easily  worked.    This  fuel  is  not  alone  excellent  for  house- 

hold use,  but  answers  the  purpose  of  many  branches  of  in- 
dustry, for  raising  steam,  etc    It  has  even  been  used  in  iron 
blast  furnaces. 
TbPiifnitA     The  most  important  lignite  or  brown-coal  fields  extend 
ge}|]jj_"r""'^"' along  the  southern   slope  of  the  Erzgebirge.     The  out- 
put from  this  district  is  greater  than  that  from  any  other  in 
Austria,  and  was  4,800,000  tonnes  in  1876.    Other  less  ex- 
tensive brown  coal  districts  lie  between  the  spnrs  of  the 
ud  eitewhera.    -^^'ps,  especially  upon  their  eastern  slope  in  Steyermark  and 
Camiola;  finally,  there  are  deposits  of  brown  coal  in  Hun- 
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gory  and  Transylvaiua.    That  of  the  Zillthal  is  said  to  be    ^""^^-""^ 

particalarly  promising.    The  following  shows  the  relations 

of  the  Anstro-Hungarian  coal  trade : 


l™. 

UM^"t, 

r" 

Si 

IbnMt.                  TofHM. 

si 

IS! 

e,3ST.BU 
10,BU.51I 

1}.J«.»» 

This  table  requires  some  commeot.    While  in  the  t***'®^  u,^*i^!i**^Jj* 
representing  the  coal  trade  of  most  Enrojiean  states  "  im-  iwrtatw'   tud 
pmtation"  means  importation  from  England,  this  is  not  the  '"^ 
case  with  Austria.    The  political  boundaries  between  G^- 
many  and  Austria  paas  throngh  the  coal  region  of  Central 
Europe.     Silesia,  iu  Prussia,  and  Gtalicia  and  Moravia,  in 
Austria,  form,  properij  speaking,  one  tme-eoal  field,  and 
the  brown-coal  regions  of  Bohemia  are  more  or  less  contin- 
uous with  those  of  Saxony.    Accordingly,  there  has  been  auie  mutual  umi- 
lively  trade  iu  both  species  of  mineral  fuel  across  the  Qe.T-  •!>  and  Bohemia 
man  line  ever  since  the  railroad  communication  between  the 
countries  was  established.    The  importation  of  coal  in  the 
table  represents  almost  exclusively  Silesian  coals,  and  the 
exportation  Bohemian  brown  coal  carried  to  Germany. 

The  following  table  shows  the  purposes  for  which  coal  .1,1^''^^^ 
was  consumed  inl875,  sofarasit  hasbeen  possible  to  a8cer-««i»iiniedtni87s. 
tain  tbein: 


RaUwayti    15.5 

Biver  boats 2.0 

MMinfantoring 55.0 

HouaehoM  and  trade  cooaomptioii 37.5 

The  number  of  persous  employed  in  the  coal  mines  of 
Anstria  (excluding  Hungary)  in  the  year  1876  was  as  follows:  ^««'''" 


M^  „^ 

ChildKHl 

TotaL 

S.S\    5S 

in 

iJS 

"■"•i    *■"" 

aet 
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AiJ»TR^yHuif-       The  number  of  steam-eugines  in  use  in  the  coal  mines  of 
—  Austria,  again  excluding  Hungary,  in  1876  was  as  follows : 


St«*am-engmes' 
in  uae  in  Austria 
an  coal  mines  in 
1876. 


Tme-€oal  mines  . 
Brown-coal  mines 

Total 


Iluisting  ' 

and       ,    ToUl. 
pumping. 


37 

48 


300 
475 


85 


874 


min^g"oxhibit^"     Several  of  the  Austrian  mines  made  instructive  exhibits 

illustrating  the  geological  occurrence  of  deposits  and  the 
methods  of  mining  and  smelting  the  ores. 

In  addition,  an  excellent  account  of  the  exhibiting  mines 

was  prepared  for  the  occasion,  and  sold  at  a  merely  nominal 

Report  on  Aus-  price.    This  pamphlet  is  entitled  Notice  sur  quelque-unes  des 

trian  mines  ox- 

hibiting  in  Paris,  i^trtcipale^  miues  de  Vitat  Autrichieny  and  it  is  believed  that 
the  purposes  of  this  report  will  best  be  served  by  translating 
literally  the  greater  ];)ortion  of  this  authorative  and  well- 
digested  description,  with  occasional  omissions  or  abbre- 
viations. 
Pribram.  Pribram, 

Its  position.  The  towu  and  mines  of  Pribram  are  51  kilometers  south- 
east of  Prague,  upon  a  table-land  some  500  to  600  meters 
above  searlevel,  which  is  crossed  by  low  ranges  of  hills. 

History.  It  is  uot  kuowii  whcu  miuiug  began  at  Pribram.    Con- 

cessions to  reopen  the  mines  were  granted  in  1527,  since 
which  time  they  have  been  worked  more  or  less  actively. 
But  it  was  not  until  the  greater  part  of  the  mines  became 
'  state  property,  at  the  end  of  the  eighteenth  century,  that  the 
era  of  their  real  prosperity  began. 

&M>iogicai  oc-  The  metalliferous  deposits  of  Pribram  are  veins  which  oc- 
metaiiiferuns  dc-  cur  iu  the  lowcr  bcds  of  the  Silurian  formation  of  Bohe* 
'*****  *"  mia,  the  "  ^tage  A  "  of  M.  de  Barrande.    The  rocks  are  princi- 

pally sandstone,  quartzites,  conglomerates,  and  schists, 
bounded  to  the  east  and  west  by  granite  and  a  thin  stratum 
of  primary  slates  of  M.  de  Barrande^s  "  Stage  B,^  These  lat- 
ter rest  conformably  upon  the  older  slates.  Next  come  the 
sandstones  of  the  Grauwa^jke,  which  in  their  turn  are  cov- 
ered by  Grauwacke  slates  of  a  mean  thickness  of  1,000  me- 
ters. Above  the  Grauwacke  lie  the  sandstone  and  quartz- 
ite  forming  the  extreme  limit  ot  the  metalliferous  deposits. 
All  these  beds  have  a  strike  of  from  00^  to  75o.  Between  the 
sandstone  and  the  higher  Silurian  strata  to  the  west  of  Pri- 
bram and  of  the  Birkeuberg  occurs  a  fault  of  great  length 
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and  of  some  centimeters  in  thickness,  which  is  filled  with    AusiBiA-HUTf. 

'  OAIn. 

dark  gray  clay.  The  strike  of  this  fault  is  very  constant — 
N,  660  E.     Its  dip  is  75o  N. 

Numerous  metalliferous  veins  and  dikes  of  diorite  crosii 
the  lower  Silurian  strata.  Most  of  the  veins  show  gossans 
at  the  croppiugs,  and  are  filled  with  argentiferous  galena 
only  at  the  depth  of  100  meters  and  more.  The  thickness  t<^SSfSw vdSS 
of  the  veins  now  being  worked  varies  from  a  few  centime- 
ters to  six  meters  and  over.  Besides  galena,  the  veins  con- 
tain black-jack  or  zinc-blende— poor  in  silver — iron  spar,  and 
often  calcite,  ruby  silver,  and  tetrahedrite,  while  argentite 
and  native  silver  are  rarely  found.  The  galena  occurs  in 
stringers,  or  in  veins,  or  in  lenticular  masses,  or  dissem- 
inated in  the  compact  and  quartzose  gangue.  Many  veins 
have  been  explored  for  a  long  distance,  both  in  the  strike 
and  dip,  without  showing  any  decrease  in  richness  or  sensi- 
ble variation  in  the  gangue  5  on  the  contrary,  it  may  be  af- 
firmed that  the  thickness  and  the  contents  in  silver  increase 
with  the  depth. 

Almost  all  the  veins  now  being  worked  appear  in  the  ,  character  of 

the  veina. 

Grauwacke,  many  of  them  pinching  andgrowmg  poorer  to- 
wards the  surface,  as  they  enter  the  more  tenacious  strata 
of  this  formation,  while  the  contents  of  other  veins  are  en- 
riched in  the  upper  portions  in  spots,  or  in  the  line  where 
they  enter  the  Grauwacke.  Some  of  the  veins  cross  the 
fault  above  mentioned,  and  have  been  recognized  at  a  great 
distance  in  the  schists  on  the  other  side  of  the  fault. 

There  are  nineteen  shafts  at  Pribram,  which  are  connected  xhe  workinga 
at  various  levels.  The  deepest  is  at  Adalbert,  which  has 
reached  the  depth  of  1,020.1  meters  and  has  thirty  levels. 
It  is  the  deepest  perpendicular  shaft  in  the  world.  At  the 
thousand-meter  level  a  station  for  magnetic  observations  is 
established.  The  underground  workings  also  communicate 
with  one  another  through  the  great  drainage-tunnel  "Joseph  J2?^SSl^'**° 
11,"  which  is  21,906  meters  long.  All  the  water  of  the  mines 
is  Raised  to  the  level  of  this  tunnel,  which  is  445  meters 
above  sea-level.  The  total  length  of  thegalleries  is  245,089 
kilometers. 

The  exploitation  is  effected  through  the  shafts  and  galle-  Exploitation. 
ries,  which  latter  are  driven  at  vertical  distances  of  from  50 
to  70  meters,  and  from  a  system  of  levels.  The  sinking  of 
the  shafts  goes  on  constantly,  and  powder  or  dynamite  are 
used  in  the  operation  in  conjunction  with  machine  drills. 
By  this  method  of  exploration  thirty-five  veins  have  been 
discovered,  of  which  the  Adalbert  is  the  principal,  not  only  The  Adalbert 
in  its  regiUarity  and  permanence  in  strike  and  dip,  but  in 
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^usTRiA-uuN-  the  grade  of  its  ores.    Finally,  several  isolated  aggrega- 
-  — - — '■ tions  and  feeders  ranning  into  the  walls  of  the  veins  have 

Pribram.  ® 

been  found,  and  most  of  them  are  workable. 

Mode  of  work.     The  Ore  is  almost  always  extracted  by  overhand  stoping, 

^'  exceptionally  by  underhand  stoping.     The  country  rock 

being  for  the  most  part  strong,  there  is  scarcely  any  timlier- 

ing  in  the  galleries.    When  a  drift  cuts  through  weak  strata, 

it  is  temporarily  timbered,  and  subsequently  walled. 

The  haulage  is  performed  in  ^^  Hungarian  dogs"  (small. 

Mining  cars,  three- wheclcd  buggies)  and  cars  running  on  rails,  of  which 
there  are  37,125  meters  laid  in  the  mine.  For  some  years 
past  the  haulage  has  been  effected  at  the  Adalbert  Mine  by 
horses,  one  animal  drawing  from  4  to  6  cars,  each  contain- 
ing about  900  kilos  of  ore. 

compressedair     In  the  Underground  workings  of  a  certain  depth  hoisting 
engines.  engiucs  are  employed,  which  are  run  by  compressed  air  firom 

a  compressor  above  ground,  and  at  a  distance  of  about  1,000 
meters. 

Hoisting  cages,  lu  the  large  shafts  the  hoisting  is  effected  on  cages  by  cast- 
steel  wire  ropes,  made  on  the  premises.  For  the  deeper 
shafts  the  rope  is  tapered  toward  the  lower  end.  The  mo- 
tors are  almost  altogether  steam-engines.    The  miners  go 

Man-engines,   dowu  and  comc  up  either  on  cages  or  man-engines,  rarely 
on  ladders. 
Annual  jiro-     The  auuual  production  is — 

<1iictioD.  Tons. 

Ore  leqairing  sorting 4, 000 

Ore  requiring  crashing 60,000 

Ore  requiring  dressing 145, 000 

Mixed  ores 1, 000 

Sorting.  The  first  hand-picking  is  done  underground.    The  high- 

grade  ore  is  hoisted  separately  to  grass,  where  it  is  resorted 
and  passed  on  to  the  smelting  works ;  3,000  tons  of  smelting 
ore  are  thus  obtained,  with  a  mean  contents  of  65  per  cent, 
lead  and  0.45  per  cent,  silver. 
Dressiupr.  The  mcchanical  dressing  (stamping,  crushing,  settling, 

classification,  and  separation  by  water)  takes  place  in  four 
large  mills,  distributed  so  as  to  reduced  transportation  to  a 
minimum. 
Breakers,     Thcse  mills  are  furnished  with  rock-breakers,  stamps,  set- 
tlSk?.*'  •^**^*"*  tling  tanks,  and  a  very  complete  array  of  ore-dressing  ma- 
chinery.   The  writer  of  this  report  noticed  in  visiting  the 
Percussion  works  that  lateral  and  terminal  percussion  tables  and  con- 
es an    gs.    ^JJ^^^g  jigg  ^^j^  ^^^  machines  most  employed  in  the  final 

concentration.  The  favorite  material  for  the  lateral  percus- 
sion tables  (Bittiuger's  Stossherd)  seemed  to  be  cast  iron, 
planed  smooth.    California  stamp-batteries  were  introduced 
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some  time  suice,  but  were  abandoned  again  for  the  old  style   aubtk^^hun- 

"on  acconnt  of  the  rapid  wear  of  the  cams.''    This  is  an 

experience  not  readily  accounted  for  by  those  who  are   Pribram. 
familiar  with  these  batteries  on  the  Pacific  slope. 
The  water  for  the  concentrating  mills  is  furnished  by  four    Concentrating 

mills. 

large  reservoirs,  with  a  total  capacity  of  2,250,000  cubic 
meters.    The  annual  product  of  these  mills  is — 

Tons. 

Smelting  ore 5, 800 

Blende 600 

Spathic  iron  ore 90 

The  fixed  steam-engines  supplying  mines  and  mills  with    steam-engines. 
power  number  34,  with  an  aggregate  of  1,579  horse  power, 
besides  water-power  equivalent  to  274  horse-power,  and  a 
number  of  steam  pumps,  hammers,  portable  engines,  etc. 

The  smelting  works  are  provided  with  all  the  apparatus  smeitingworks. 
necessary  to  work  up  the  products  of  the  mines,  of  which 
the  Notice  gives  only  a  list. 

The  method  of  smelting  is  what  is  known  as  the  ^'Gom-  Roasting 

mem  process"  in  Germany;  t.  «.,  the  galena  is  roasted  in 
large  reverberatory  furnaces  in  which  the  ore  is  gradually 
moved  towards  the  fire.  In  front  of  the  fire-bridge  it  is 
melted  down  in  order  to  decompose  lead  sulphate  by  silicic 
acid,  and  get  the  roasted  product  as  a  slagged  mass,  which 
is  broken  into  lumps.    The  ore  so  prepared  is  smelted  in  Smeiting 

high  famaces  of  the  Pil2  type,  only  a  trace  of  regulus  being 
found  in  addition  to  the  lead.    The  latter  is  desilverized  nesUverization. 
and  the  argentiferous  lead  refined.    This  process  is  appli- 
cable in  Pribram  on  account  of  the  freedom  of  the  ores  from 
copi)er. 

The  workmen  employed  in  the  mine  number  3,500,  in  the    workmen  em. 
ore-dressing  works  1,000,  and  in  the  smelting  works  400.      ^^^ 

The  Pribram  Mine  has  a  mutual  insurance  fund  which  workmen  h 
provides  pensions  for  workmen  no  longer  able  to  earn  their  tations. 
living  and  for  widows  and  orphans.  Medical  treatment 
and  medicine,  and  in  some  cases  assistance  and  money,  are 
also  fiimished  out  of  the  fund,  which  amonnts  to  370,321 
florins,  or,  say,  half  as  many  dollars.  It  is  controlled  by  a 
committee  elected  by  the  workmen.  Its  revenue  consists  in 
drawbacks  from  wages  and  payments  made  by  the  works, 
which  amount  to  one-half  those  made  by  the  men. 

The  l^otice  gives  the  production  of  Pribram  for  100  years.  dn^L*^^"*^^"*" 
Less  will  serve  the  present  purpose-    The  product  is  rapidly 
increasing,  and  there  has  been  a  net  profit  every  year  since 
1818 

The  exhibit  made  by  Pribram  included  sections  of  views,  ,^^1,4 J*^**"^  *** 
samples  of  ores  of  difierent  grades,  products  of  ore-dressing 
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processea,  ftamace  products,  wire  ropes,  maps  aud  plans, 
-and  sarveying  and  magnetic  instraments. 

Product  of  the  Pribram  S$iultiiis  Work*. 
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joacumatiuL  Jocichimathal. 

poaitiou.  The  little  town  of  Joachimsthal  lies  on  the  south  slope  of 

tlie  Erzgebirge  (Metal  Moantaina)  of  Bohemia,  iu  a  ravine 

HiMoiT.         Fanning  north  uod  south.    Mining  began  there,  in  all  proba- 
bility, during  the  Urst  years  of  the  Bixt«euth  century.    In 
1517  the  namber  of  miners  was  8,000  and  the  town  counted 
20,000  souls.    It  was  in  1518  that  the  first  silver  crowns 
were  struck  here.    They  were  at  first  called  Joachimatkaler, 
afterwards,  by  abbreviation.  Thaler,  whence  also  dollar. 
DepnMtbK     The  waTS  of  the  seventeenth  century  had  a  highly  pr^u- 
.'if'uis''i7th^dlcial  effect  upon  the  exploitation,  which  decUued  to  such 
"''^'  an  extent  that  the  annual  production  sank  rapidly  &om  a 

mean  of  22,000  kilos  of  silver  during  the  first  80  years  to  an 
average  of  3,000  kilos,  at  which  it  remained  fh>m  1595  to 
1877. 
Gfwiogicai  The  vein-bearing  tocks  of  Joachimstbal  are  mica  schists 
ibo  meteiiiretoua  iuclosed  by  granite.  The  veins  iu  the  eastern  portion  of  the 
mine,  where  there  are  masses  of  included  hmestone,  earry 
calcite  as  the  gangue  mineral.  Those  in  the  western  part 
of  the  mine  are  qoartzose,  and  are  accompanied  in  part  by 
masses  of  included  porphyry.  There  are  seventeen  veins 
which  strike  north  and  seventeen  which  strike  east.  It  is 
a  remarkable  foct  that  those  which  strike  north  show  en- 
richment where  they  pass  or  cross  the  intruded  limestone  or 
porphyry,  while  the  other  set  of  veins  are  not  thus  affected. 
The  width  of  the  veins  varies  from  two  meters  down.  They 
have  been  explored  to  a  depth  of  620  meters  and  to  a  hori- 
zontal distance  of  from  1,000  to  4,000  meters. 

Nitare  of  the     The  ores  raised  carry  silver,  cobalt,  nickel,  bismuth,  and 

Wurkinm.       uranlum.     There  are   four  shafts,  the  deepest  being  633 
meters.    The  drainage  is  accomplished  by  the  aid  of  two 
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tunnels,  with  a  united  length  of  40  kilos.    About  000,000    austma-hux. 
kilos  of  ore  are  raised  yearly.  

Compared  with  those  of  other  mines  the  ores  raised  at  joachimsthai. 
Joachimsthal  seldom  require  stamping.  The  ore  is  concen- 
trated on  Rittinger's  percussion  tables.  The  result  is  4,000  ^f  ^^.**°*"'****° 
kilos  of  concentrations,  containing  from  O.l  to  0.5  per  cent, 
silver,  5  to  6  per  cent,  cobalt  and  nickel,  and  8  per  cent, 
bismuth ;  and,  farther,  2,500  kilos  of  uranium  concentrations, 
containing  24  to  30  per  cent,  of  uranoso-uranic  oxide. 

The  concentrations  containing  silver,  etc.,  are  shipped  to  the^ri/?er***Smi 
Freiberg.     The  uranium  ores  are  delivered  to  the  local  a»»*"™  <>«*»• 
fiictory,  where  they  are  converted  into  pigments  much  em- 
ployed in  glass  and  porcelain  coloring.    The  production  of  ^^^^"«**o°  •*' 
colors  amounts  to  4,500  kilos  yearly,  and  samples  were  ex- 
hibited in  Paris.    As  a^subsidiary  product  vanadates  are 
also  prepared  and  were  exhibited. 

Idria,  id"^- 

Idria,  in  Camiola,  lies  above  twenty  miles  east  of  north    Position. 
from  Trieste.    The  deposit  of  cinnabar  at  Idria  was  dis- 
covered between  1490  and  1497. 

Recent  investigations  of  the  geology  of  Idria  by  the  pres-    oeoioRicai  oc- 
ent  manager,  M.  Lipoid,  have  proved  that  the  ore-bearing  cinnubar. 
rocks  are  exclusively  Triassic,  and  that  the  Oarboniferous 
sandstones  and  schists  which  form  the  roof  of  the  metallif- 
erous Triassic  beds  have  assumed  this  abnormal  position 
only  by  dislocation,  displacement,  or  reversal. 

The  direction  of  the  principal  fracture  of  dislocation  can 
be  studied  above  ground.  It  runs  from  northwest  to  south- 
east for  a  long  distance,  and  is  encountered  again  in  one  of 
the  principal  faults  of  the  mines,  and  in  the  extensive  fract- 
ures and  folds  of  the  metalliferous  Wengen  beds  which 
occur  in  the  northern  part  of  the  mine. 

The  nature  of  the  deposit  is  very  different  here  and  in  the  Geological  asso 
southeast  portion.  While  in  the  former  the  deposit  is  in-  pSiit"  ** 
closed  in  the  Upper  Triassic  Wengen  beds,  which  are  cal- 
careous conglomerates  and  dolomitic  breccia,  and  there 
assumes  the  form  of  a  segregation  or  of  a  bedded  vein,  in 
tiie  southeast  the  ore  is  contained  in  limestone  and  dolomite 
belonging  to  the  Lower  Triassic.  Here  it  occurs  especially 
in  transverse  fissures  filled  with  schistose  limestone  and 
impregnated  with  cinnabar.  This  impregnation  is  observed 
even  in  the  country  rock,  in  which  it  occurs  in  remunerative 
quantities.  The  richest  ores  assume  a  lenticular  shape,  and 
are  found  in  the  Wengen  beds  in  the  northwest.  Their  ap- 
pearance has  carved  for  them  the  names  of  ^^  steel  ore^ 
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(Stahlerz),  ** liver  ore''  (Lebererz),  and  "brick  ore'*  (Ziegel- 
erz).  They  sometimes  contain  as  mach  as  40  per  cent,  of 
quicksilver. 

The  workable  region  at  Idria  is  300  meters  deep,  800 
meters  long,  and  from  20  to  60  meters  thick.  At  the  end  of 
1877  there  were  925,800  cubic  meters  of  rock  in  sight,  with 
a  contents  of  32,580,000  kilos  of  quicksilver.  The  cubic 
meter  of  rock  in  place  gives  an  average  of  2,600  kilos  of 
roasting  ore,  with  a  contents  of  1.35  per  cent,  quicksilver. 

Winning  the  ore  is  accomplished  by  "  cross-cut  work,"  a 
modification  of  pillar  and  stall  work,  involving  filling,  which 
is  applied  to  thick  seams  on  ore  bodies  of  great  dip  and 
feeble  tenacity.  Drifts  are  run  at  various  levels  in  the  ore 
body,  and  cross-cuts  are  nin  at  intervals  to  foot  and  hang- 
ing wall.  The  pillars  thus  form^  are  won  in  fix>m  the 
cross-cuts  toward  the  center,  and  from  the  walls  of  the  de- 
posit toward  the  central  drift,  by  side  stopes  or  stalls.  To 
sustain  the  roof,  timbers  are  set  and  immediately  packed. 
After  the  whole  level  has  been  stoped  out  in  this  way  the 
ore  immediately  overlying  the  exhausted  stopes  is  opened 
out  and  won  in  the  same  manner.  The  filling  is  obtained 
from  workings  driven  for  prospecting  purposes,  from  the 
barren  rock  won  with  the  ore,  or  if  necessary  is  even  sent 
down  from  the  surface.  The  ore  is  divided  in  the  mine  into 
roasting  ore,  sorting  ore,  and  waste. 

There  are  five  shafts,  varying  in  depth  from  100  to  307 
meters.  The  hoisting  engines  are  for  the  most  part  hy- 
draulic. The  tramways  under  ground  measure  4,000  meters, 
those  above  ground  2,900  meters. 

The  mean  annual  production  is  1,800  metrical  tons  roast- 
ing ore  and  28,200  tons  of  ore  requiring  sorting;  or,  in  aU, 
30,000  tons,  with  a  contents  of  500  tons  of  quicksilver. 

Hand-picking  of  the  poor  rock  was  substituted  in  1842 
for  a  primitive  wet.  dressing.  The  ores  raised  are  dumi>ed 
into  a  screen  which  separates  the  coarse  stuff  from  the  fine. 
What  does  not  go  through  the  screen  is  carried  to  a  sorting 
house,  where  it  is  classified  into  high  grade,  low  grade, 
crushing  ore,  and  waste.  What  goes  through  the  first  screen 
falls  into  a  second  and  finer  screen.  What  goes  through 
the  second  screen  is  delivered  to  the  smelting  works  direct, 
and  the  comparatively  small  stuff  which  does  not  pass  the 
second  screen  is  sorted.  The  ore,  high  grade  or  low,  is 
crushed  dry  in  a  25-stamp  battery,  and  afterwards  delivered 
to  the  reduction  works  separately. 

The  finer  ores  are  reduced  in  a  Blake  crusher,  then  sifted, 
and  the  coarse  stuff  sorted  on  a  revolving  sorting  table  into 
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ore  aud  waste.    The  contents  of  the  varions  classes  of  ore   austbia-hlx. 

OABT. 


is  from  0.4  per  cent  to  50  per  cent. 

The  methods  employed  in  the  extraction  of  the  quick-    idda. 
silver  fix)m  the  ores  have  varied  greatly  since  the  mine  was 
first  worked.    At  first  open  vessels  were  used,*  afterwards 
earthen  pots,  for  which  cast-iron  receivers  were  substituted    Retorting. 
in  1641.    These  re3eivers  at  first  approximated  to  the  form 
of  jars  5  in  1665  they  were  made  as  retorts.    It  was  at  this 
time  that  the  method  of  heating  the  cinnabar  with  lime  was    Limo  procesA. 
invented.    In  1750  the  Almaden  furnace  was  introduced. 
In  1787  the  horizontal  furnace,  called  the  Idria  furnace,  with    Fumaces. 
a  chimney  and  condensation  chambers,  was  built. 

The  great  quadruple  furnace  called  the  Leopold,  and  Leopold 

erected  in  1825,  was  derived  from  the  last  mentioned.    It 
was  at  work  till  1870.    The  Alberti  reverberatory  furnaces  -  Aiberu 

*  furnace. 

date  from  1842.    They  are  provided  with  inclined  conden- 
sation pipes,  cooled  by  sprinkling  with  cold  water.    In  1869 
lime  kilns  were  adopted  as  a  type,  and  two  cupola  furnaces 
provided  with  condensation  chambers  were  erected.    This 
system  was  perfected  in  1870  by  M.  Exeli,  manager  of  the       Exeirs  iron 
works  and  the  inventor  of  the  "iron-clad  furnaces.''    At 
the  same  i)eriod  reverberatory  mufSe  furnaces  with  8  muf-  Muiflefuniaces. 
fles  were  constructed  for  the  treatment  of  the  rich  ores.    In 
1871  these  furnaces  were  replaced  by  the  two  muffle  fur- 
naces now  in  operation.    Since  1875  the  reduction  of  the 
ores  of  both  high  and  low  grade  has  also  been  accomplished 
by  the  help  of  long  reverberatory  furnaces  of  the  type  in  .   Reverberato- 
use  in  lead  works  for  roasting  purposes  {Fartschauflung- 
sofen). 
The  reduction  of  cinnabar  in  muffle  furnaces  is  efiected  ,  Procesaeaof r©- 

auction  of  cinna- 

by  decomposition  of  the  sulphide  by  caustic  lime.    In  all  bar. 
the  other  furnaces  it  is  simply  a  process  of  roasting  and 
distillation. 

A  system  of  flues  of  a  total  length  of  706  meters  stands    Fume  flue. 
in  connection  with  a  high  stack  placed  at  the  summit  of  the 
mountain,  through  which  the  gases  escape,  leaving  the 
quicksilver  behind. 

The  following  is  a  list  of  the  furnaces  in  use : 

Albert!  reverberatory  fomaces,  heated  through  the  bottoms,  con-  List  of  furuo- 

densation  in  forked  pipes jQcesinuse. 

Roasting  fornace,  with  bottom  heat  and  condensation  in  forked 
pipes 1 

•The  ^* Notice"  says  meulea  ouvertea,  I  suppose  this  to  refer  to  the 
terlia  ratio  described  by  Agricola.  Open  vessels  of  ore  were  placed  in  a 
tight  room  over  foruaces  heated  from  the  outside.  To  promote  conden- 
sation green  boughs  were  placed  in  the  inclosed  space.  The  quick- 
silver gathered  on  the  floor  and  the  leaves. 
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Cnpola  fiirnaces,  condon ration  in  forked  pipe* 9 

-  Iron-c1a<]  fiiniacps,  tbe  Htack  heated  with  wooil,  condensation  in 

crockery  pipes 3 

Muffle  fiimacps 6 

a.  In  a  ran  of  eleveu  months  the  works  can  reduce  13,000 
tons  of  ore  in  lumps,  20,000  tons  of  gravelly  ore,  and  2,00(1 
to  3,000  tons  of  pnlverized  ore. 

The  loss  has  been  determined  during  the  last  years  at 
13.J)S  per  cent. 

Termilion  is  luanufactured  od  a  large  scale  at  Idria.   The 
process  is  very  old,  but  satis^tory,  and  coasiMts — 

1st.  In  the  preparation  of  lethiops  by  intimate  mixture 
of  mercury  and  sulphur. 

2d.  Transformation  into  cinnabar  by  distillation. 

3d.  Conversion  of  cinnabar  into  vermilion  by  grinding 
aud  washing. 

Sixty  tons  of  quicksilver  are  aunaaJly  converted  into 
vermilion  in  this  way,  with  a  loss  of  0.35  percent,  of  metal. 

The  workmen  employed  at  Idria  number  1,040,  of  whom 
602  are  occupied  in  the  mine,  65  in  ihe  ore-picking  houses, 
195  io  the  smelting  works,  and  the  remainder  in  various 
shops. 
id  Besides  their  wages,  which  are  small,  the  miners  receive 
grain  and  fuel  at  a  fixed  price,  and  when  ill  are  provided 
with  medical  attendance  and  medicine  Ave  of  charge. 
There  an;  also  government  lodgings  for  the  employes.  The 
mutual  insurance  association  possesses  a  i'und  of  78,000 
ilorins,  and  disposes  of  a  hospital.  The  mine  supports  a 
school  for  the  children  of  the  miners. 
I-  Idriii  exhibited  cinnabar  in  its  various  associations  and 
S])eciinens  illustrating  the  geology  of  the  mine;  also  char- 
acteristic fossils  of  the  important  beds,  very  necessary  to 
the  proof  of  so  extraordinary  a  fact  as  the  occurrence  of 
the  Triassic  under  the  Carboniferous.  The  various  vermil- 
ion colors  and  the  intermediate  prodncts  in  their  manufact- 
ure were  also  displayed : 


Prcdaci  of  the  IiUta  Smelling  H'orkt. 


Quick-   j  Artiaclol 


do.    ..  aTA*l'1 

.    Inuidahxlf.      3ru,::ua 
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Schneeberg.  austulvuln. 

•^  OABT. 

Auotber  mine  meutioned  by  the  Notice^  and  which  also  ex-    Schneeberg. 
hibited  in  Paris,  is  worthy  of  mention  because  of  its  excep- 
tional character  and  its  considerable  commercial  importance. 

The  Schneeberg  (Snow  Mountain)  lies  about  30  miles  Position. 
southwest  of  Innsbruck,  and  forms  the  intersection  of  sev- 
eral lofty  ranges.  Near  its  summit,  2,200  meters  above  sea- 
level,  and  just  below  the  glacier  limits,  is  the  Schneeberg 
zinc-blende  mine.  Everything  leads  to  the  belief  that  this  nistory 
mine  was  worked  as  far  back  as  the  middle  of  the  fifteenth 
century — ^uot  for  blende,  of  course,  but  for  argentiferous      ^   Formoriy 

•^  '  '  o  worked  for  orgea- 

galena  and  chalcopyrite.    In  1486  a  thousand  miners  were  tiferous  galena. 
at  work ;  but  soon  afterwards  the  ore  was  practically  ex- 
hausted. 

In  1868  and  1869  new  examinations  of  this  mine  led  to  its  wendl!'^"^  ^''' 
reopening  for  the  sake  of  the  zinc  blende  found  in  untouched 
veins,  and  also  in  the  ancient  pack  and  on  the  dumps. 

The  deposits  occur  in  micaceous  schists,  which  constitute    Geological  oc 

currence  of  the 

the  rock  of  the  range  to  which  the  Schneeberg  belongs,  metalliferous  d<-- 
They  are  from  2  to  17  meters  thick,  and  consist  of  blende,  ^^^  "* 
galena,  and  a  little  iron  and  copper  pyrites.  Ankerite,  cal- 
cite,  quartz,  garnet,  and  amphibole,  in  part  in  fibrous  varie- 
ties, accompany  the  ores.  The  strike  is  northeast,  the  dip 
290  to  380  northwest,  and  the  deposits  have  been  followed 
2,200  meters  in  strike  and  to  a  depth  of  987  meters.  The 
veins  are  repeatedly  faulted. 

The  underground  work  has  thus  far  been  confined  to  gen-    workings. 
eral  exploration  and  preparatory  arrangements.    Extraction 
on  the  outcroppings,  on  the  other  hand,  has  made  great  prog- 
ress, and  large  quantities  of  blende  are  now  obtained. 

There  are  three  concentration  works  connected  with  the    c^centratiou 

works. 

mine^two  of  them  close  to  it,  the  third  at  Meiem.  On  ac- 
count of  the  altitude,  the  works  at  the  mine  can  only  run 
four  months  in  the  year;  the  establishment  at  Meiem  nine 
months.    The  difficulty  of  exporting  the  ore  is  excessive. 

The  Schneeberg  Mine,  with  its  ore-dressing  works,  is  now  Production, 
turning  out  about  7,000  tons  of  blende,  with  a  mean  zinc 
contents  of  nearly  46  per  cent.,*  besides  over  3,000  tons  of 
dressed  galena.  It  is  expected  that  this  product  will  be 
doubled  or  trebled  when  the  projected  preliminary  work  is 
completed. 

Schneeberg  exhibited  maps  and  ores. 


*  This  would  give  over  3,000  tons  zinc.    Great  Britain  produced  6,634 
tons  of  that  metal  in  1877 
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"^^'  ITALY. 

vi?J^"^*^"i7  *i^'     While  the  Italian  exhibit  was  in  many  respects  interest- 

nibit    of    Main-  ,  "^  * 

dano  zinc  mines  inrr  the  explanatory  information  presented  cannot  be  said 

and     Roccatedo-      *V  ,      ^      ,  '',  .    .  r«,       .  ... 

rijBjhi       copper  to  havc  bccn  altogether  ssitisfactory.    The  important  mines 

mines 

of  Sardinia  were  well  described  in  a  pamphlet  Issned  by  the 
IVIalfidano  Company,  and  two  other  mines  of  comparatively 
small  importance,  the  lignite  mine  of  Murlo  and  the  copper 
mine  of  Eoccatederighi,  both  in  Tuscany,  pursued  a  similar 
hiwt  ofT!i«?ami  coursc.  But  the  lead  and  iron  industries  were  represented 
imo  induRtnos.   ^^^j^  ^^^  spcciiiiens  of  products,  and  the  information  given  in 

the  CaUdogo  Oenerale  Sezione  ItnVmna  was  of  the  most  mea- 
ger description.    The  follo\^ing  fragmentary  account  of  the 
mining  industry  of  Italy  must  therefore  suffice. 
Large oxporta-     Au  important  part  of  the  mineral  industry  of  Italy*  is 
conscquetioo   of  reflected  in  the  exportation,  because  in  the  absence  of  im- 
coaL  j)ortant  deposits  of  coal  the  smelting  of  ores  in  the  king- 

dom is  much  limited.  The  principal  exportation  of  ores 
during  the  year  1877  was  as  follows : 

TonB. 

Exportation,     iron  ores 236,6C7 

Copper  ores 9,616 

Lead  ores 27,531 

Zinc  ores 78,255 

Manp^anese  ores 7,375 

Sulphur  ores 210,327 

Carrara  marble     The  Quarrics  of  Carrara  also  represent  an  annual  proiluc- 

tion  of  about  140,000  tons  of  marble,  which  is  in  great  part 

worked  up  in  the  country  before  exportation. 

Salt.  Salt  is  produced  both  by  government  works  and  by  pri- 

Goycrninont  vatc  iudustry.    Tlic  governiueut,  which  has  a  monopoly  in 

all  the  continental  provinces,  derives  therefrom  an  income 

of  80,000,000  of  francs  yearly,  and  has  nine  salt  works  in 

operation. 

maritimo^cvai?<?     Thcsc  are  in  part  rock-salt  mines  and  in  part  evaporating 

rating  work*,     works  ou  the  coast,  and  produced  from  2,500  to  150,000  tons. 

^^^anpaniferous     Mauganifcrous  pig,  in  part  lor  use  in  the  manufacture  of 

Bessemer  steel,  is  indeed  produced,  but  the  whole  product  is 
only  30,000  tons  per  year.  Including  the  I'eworking  of 
scrap-iron,  the  production  of  bar-iron  amounts  to  50,000 

306  *  Catalogo  GeneraU, 
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ITALV. 


Importatiuu  of 
iron. 


Coal. 


Very  limited 
supply. 


tons.    Tlie  importxition  of  iron  exceeds  200,000  tons  annu- 
ally. 

About  300  tons  of  copper  and  10,000  of  lead  are  annually 
turned  out.    In  the  immediate  neighborhood  of  Genoa  there  oopS??^*iiad  ^ 
is  a  lead-refining  works,  and  shops  for  the  manufacture  of 
utensils  and  of  ornamentiil  work  in  various  metals  are  dis- 
tributed over  the  whole  kingdom. 

CoaL^ — As  has  already  been  remarked,  Italy  is  poor  in 
mineral  fuel.    Bituminous  coal  is  found  only  in  the  province 
of  Udine,  in  Sicily,  and  even  this  deposit  is  of  no  importance. 
Neither  are  the  anthracite  deposits  of  Italy  of  much  value. 
The  best  known  is  in  the  valley  of  Aosta,  Piedmont,  from 
which,  however,  scarcely  500  tonnes  (of  1,000  kilos)  are  yearly 
extracted.    Lignite  of  Tertiary  age  is  however  more  plenty. 
The  most  extensive  lignite  or  brown-coal  fields  are  in  Tus-   Lignite  fioidd. 
cany,  Ligmien,  in  the  provinces  Vicenza,  Verona,  and  Ber- 
gamo, and  on  the  island  of  Sardinia..  The  total  area  of  these   Area. 
coal  fields  is  13,500  hectares,  =  51  square  miles.    There  are, 
besides,  tolerably  extensive  deposits  of  peat  at  the  foot  of  r*»t. 
the  Alps. 

The  extent  of  the  output  of  brown  coal  is  apparent  from 
the  following  figures : 

Tonnes  of  1,000 
kilos,  '2,204  lbs. 

Average  of  the  years  18CC-1870 70,000 

For  the  year  1871 84,(H)0 

1872 95,  COO 

1873 110,:^ 

1874 121,855 

1875 101,040 

Tlie  peat  product  amounts  to  about  95,000  tonnes  yearly.    Pcat  product. 

Picked  specimens  of  fuels  analyzed  in  the  laboratory  of 
the  Royal  Technical  Institute  in  Florence  gave  the  follow- 
ing results : 


Output  of  lig- 
nite. 


Description. 


Locality. 


Lignite Montebamboli 


Do 

Peat 

Prepared  peat 


Tatti 

Ghedi 

...do 


1.28 


73.44 
73.10 
55.60 
50.00 


. 
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6.15 

13.20 

5.88 

15.80 

a  72 

33.83 

6.80 

32.43 

"        A  ualyses  of  li;; 
nite  and  peat. 


•s 


I 


5. 10 
2.50 
2.JiO 
8.77 


a 


7.485 
7.220 
5.353 
4.078 


It  is  plain  that  hi  spite  of  tho  very  moderate  consumption 
of  fuel  ill  Italy  the  importation  of  coal  must  reach  consid- 
erable figures. 


J,  PechaVf  Kohle  und  Eisen. 
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Tbe  imported  coal  comes  almost  exclusively  ttom  EoglaQd, 
ill  wliat  qaantities  appears  in  tUe  following  table : 


ItaVuM  tradt  in  eoal,  in  toNiw*  of  1,000  JHIm. 

Ton. 

Im^Ha- 

-^ 

791.  SM 

1. 033,011 
I,0:«,8tfl 

11 

'""■  Iron. — If  Italy  {lossesaed  coal  in  proportion  to  the  qiian- 

L.™  deiKBiM  tity  and  quality  of  ber  iron,  slie  would  take  rank  vrith  the 

of  excellfiUt  qual-  ^  j 

iij.  great  iron -producing  countriesof  the  world.     Intheabsence 

of  coal  the  iron  industry  is  of  little  importance  and  ad- 

stneittng  iritii  vancca  but  slowly.    Smelting  is  effected  almost  exclnsively 

with  charcoal,  and  it  is  more  profitable  to  export  ore  than 

to  smelt. 

IroDom.  mON  ORES. 

TaHe  of  the  produelion,  importation,  and  erportatioK,  in  tonnt*  of  1,000  Ultw. 

Froductlos.  Im- ' 
PDrtatloD,  nnilf^i- 
partMlim:    lUO- 


Tcm. 

"^ 

lu^o» 
102,000 

■as 
as 

is 

-.Er|'xr' 

!f!S 

sts 

,»s 

ii 

Loc«iiti«ii  of    Iron  mines  are  worked  in  the  Lonibanlic  provinces  of 

Bergamo,  Brescia,  and  Como,  in  Sardinia,  and  in  the  Pied- 

luontcse  provinces  of  Tnrin  and  Novara,  but  the  most  fVtiit- 

Etb*.  fill  mines  are  those  of  Elba,  and  to  them  is  due  tbe  credit 

of  the  greater  part  of  the  production  recorded  in  the  fore- 

HiBiorkai  iron  going  table.    The  inesbaustiblo  iron  mountain  of  Elba  has 

been  celebrated  from  the  earliest  times,  and  was  worked  by 

the  Etmscans  and  the  Romans.    The  ore  is  shipped  at  the 

Temicuiamiiie.  hai'bor  of  Eio,  in  the  neighborhood  of  which  lies  the  Ver- 

mcano  Mine,  the  most  ini|H)rtant  in  the  island. 

Since  1872  the  production  of  iron  ores  in  Italy  has  l>eeQ 
tolerably  large,  and  in  the  last  two  years  the  exportation 
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lias  been  four-fifths  of  the  output.    The  exported  ore  goes l^Ii 

mainly  to  France,  but  a  few  ship-loads  go  as  far  as  the   iron  ore. 
United  States. 

Mines  of  Malfidano.  in  Sardinia.  ,  zmc  mines  of 

The  change  brought  about  in  the  zinc  industry  by  the  re- 
opening of  the  ancient  mines  of  Sardinia  and  Greece  is  fa-  Ancient  mine 
miliar  to  all  who  have  to  do  with  that  metal,  and  informa- 
tiou  concerning  these  resuscitated  mining  districts  will  be 
welcome  to  many.  Accordingly,  a  large  part  of  the  Notia^ 
published  by  the  Zinc  Mining  Company  of  Malfidano,  is  here 
reproduced. 

The  dei>osits  worked  by  the  Malfidano  Company  are  of  ^j^^  Sotaiu^roul 
two  general  descriptions.  For  the  most  part  they  partake  veins  worked  by 
of  the  character  of  bedded  veins.  This  is  the  case  at  Mai- 
fidflhio,  at  Genua- Arenas,  and  at  Plauu-Sartu.  But  some- 
times they  are  masses  or  chimneys  of  ore,  which  appear  to 
bear  no  relation  to  the  stratification  of  the  inclosing  lime- 
stones, except  that  they  preserve  the  same  dip,  which  is 
more  or  less  nearly  vertical,  as  at  Planedda  and  at  Monte- 
Bexio.    The  limestones  are  supposed  to  be  Silurian. 

The  most  important  of  these  deposits  is  that  of  Malfidano,    Thedepoaiuat 
which  contains    calamine,  blende,  galena,  and    cerusite. 
These  minerals  are  mingled  without  any  order  in  the  de- 
posit.   Calamine,  however,  predominates  and  constitutes 
seven-eighths  of  the  whole. 

The  deposit  of  Malfidano  takes  the  form  of  an  immense 
vein,  parallel  to  the  sti*atification  of  the  limestones.  Its 
limits  have  not  yet  been  precisely  determined. 

This  vein  appears  to  have  two  branches.  In  the  more  ^^  the*caiamin" 
important  of  them  the  calamine  is  generally  distributed  vein, 
in  masses  or  chimneys,  w^hich  ai*e  parallel  to  the  limestone 
bods.  These  chimneys  or  masses  of  ore  exhibit  very  vari- 
able horizontal  dimensions,  and  sometimes  attain  a  thick- 
ness of  twenty  meters.  When  several  of  them  unite,  as  is 
not  infrequent,  the  ore  is  developed  in  the  general  direction 
of  the  deposit  for  a  hundred  meters,  or  even  more.  Else- 
where the  calamine  is  distributed  more  regularly  in  veins 
of  varying  thickness.  In  both  modes  of  distribution  the  ore 
follows  the  general  dip. 

It  is  in  this  branch  of  the  vein  that  the  mine  of  Malfidano, 
properly  so  called,  is  situated.  The  other  branch  contains 
few  workable  deposits. 

The  deposit  at  Planedda  has  the  form  of  an  inverted  trun  „e^"*^'  '^  ^^ 
cated  cone,  the  larger  ba^e  reaching  the  surface,  where  it 
Iireaents  an  area  of  about  1,200  square  meters.    At  GO  me- 


mme. 
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_    ^^^'^'-        ters  from  the  surface  the  area  is  about  110  square  meters, 
Zinc  mines  uf  bolow  whicli  tliero  is  no  ore  of  any  importance.    This  mass 
seems  to  have  been  nearly  worked  out.    The  ore  is  princi- 
Mino  at  Plan-  pally  carthy  calamine,  but  of  remarkably  constant  compo- 
sition, carrying  fix)m  39  to  43  per  cent,  of  zinc. 
Monte-Rexio     i^  tbo  ilcposit  of  atfontc-Eexio  are  found  various  concen- 
trations  of  calamine,  occurring  in  masses  of  varying  size 
in  dolomite  limestones.    The  mass  bearing  the  name  ^^Dela 
Route^^  is  the  most  important ;  it  measures  100  meters  by  30, 
and  has  been  explored  for  50  meters  in  drpth  without  reach- 
Character  of  ing  its  inferior  limit.    It  consists,  for  the  most  part,  of  white 
^^^ '       calamine,  which  is  nearly  pure  carbonate,  and  of  yellowish 
calamine  covered  with  crystiils  of  zinc  silicate.    The  ore  is 
mixed  with  lime-spar  ferruginous  matter,  containing  a  small 
amount  of  zinc.    The  ore  of  this  mine,  like  that  of  Pla- 
nedda,  contains  little  or  no  metaHic  sulphides. 
Genaa-Arenas     The  Gcuna-Areuas  Mine,  to  the  west  of  Monte-Bexio,  has 

mine.  ' 

not  been  worked  to  any  great  extent.  It  consists  of  lenticu- 
lar bodies,  sometimes  isolated  and  sometimes  connecte<l  by 
veins  of  calamine, 
riauu-sartu  Thc  Phinu-Sartu  claim  contahis  two  deposits,  distinguished 
as  the  north  and  south  bodies.  Next  to  Mnlfidano  the  south 
body  is  the  most  important  and  richest  of  the  deposits  be- 
longing to  the  company,  and  it  is  the  most  regular  of  all. 
Its  general  strike  is  north  25^  east,  and  its  croppings  extend 
for  340  meters,  and  are  from  40  to  50  meters  wide. 
Chmai-tor  of     At  the  surfacc  the  ore  forms  a  series  of  lenticular  bodies, 

the  uep«:»it.  /»  ,  .  /»      1  ^ 

arranged  like  a  string  of  beads,  and  were  very  profitably 
worked.  But  in  depth  the  walls  of  these  ore  bodies  ap- 
projiched  each  other,  whence  it  was  believed  that  the  de- 
posit of  the  Planu-Sartu  would  give  out.  But  explorations 
by  shafts  proved  that  below  the  croppings  there  are  veins 
of  considerable  thickness  and  great  regularity,  such  as  are 
seldom  found  in  deposits  of  calamine.  All  these  veins  are 
parallel  to  the  limestone  beds  in  which  they  are  situated, 
and  are  remarkable  for  their  continuity  in  depth.  Five  of 
these  veins  have  been  discovered,  and  their  thickness  varies 
from  1.5  meters  to  5  meters.  At  some  points  they  open  out 
to  a  greater  width,  and  one  of  these  enlargements  reaches 
12  meters.  The  character  of  the  ore  of  this  mine  is  very 
varied.  The  color  is  white,  yellow,  red,  and  black,  and  the 
texture  varies  as  greatly  as  the  color. 

The  north  body  is  parallel  to  and  analogous  to  the  south 
body,  but  carries  comparatively  little  ore. 
Expioiuiiou.       ExpUntation, — The  mines  of  the  Malfidano  Company  seem 
to  be  exceptionally  wed  situated  for  working,  for  a  large 
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part  of  the  ore  lies  at  or  near  the  surface,  while  at  the  same       "^^^- 
time  the  topography  is  such  that  tunnels  can  be  run  into    zinc  mines  of 
the  ore  bodies.    Hence,  the  deposits  can,  for  the  most  part, 
be  worked  as  open  casts,  and  the  material  dumped  through 
chutes  to  the  tunnels,  through  which  it  is  brought  to  the 
suri'ace  nearly  at  sea-level.    Underground  workings  of  the    workings. 
ordinary  character  are  also  necessary  in  a  few  places.    There 
is  little  trouble  with  water. 
Production  of  ore, — The  ores  extracted  are  divided  into  ,  ciawiiflcutiou 

of  ores. 

two  great  classes,  lump  ore  and  earthy  ore.    The  latter  come 
almost  exclusively  from  Planedda  and  Planu-Satu.    The 
production  of  lump  ores,  from  the  organization  of  the  com-  iump*oro^^°  ^' 
pany,  has  been  as  follows : 

Tonnes. 

1866-'G7. ■ *28, 753 18«^-1877. 

1868 35,»67 

1869 33,968 

1870 16,287 

1871  15,290 

1872 26,878 

1873 29,073 

1874 31.459 

1875 35,119 

1876 42,364 

1877  45,598 

Total 340,756 

In  addition,  there  have  been  produced,  duiing  the  same 
period,  59,102  tons  of  earthy  ore  sufficiently  rich  for  sale. 
An  ore-dressing  works  is  being  constructed  at  BuggeiTU  for        works  for 

drcHsin''    esTibv 

the  treatment  of  a  couple  of  hundred  thousand  tons  of  low-  ore.     * 
grade  ore  now  on  hand,  and  will  go  into  operation  at  the 
end  of  1878. 

Besides  the  ore  above  mentioned,  21,250  tons  of  zinco-     zinco-pinmbi- 
plumbiferous  ore  has  been  sorted  out  from  the  products  of  ^**™"*®'^** 
the  mines.    The  following  is  given  as  the  mean  composition 
of  the  ore  actually'  extracted  from  the  Malfidano  Mine : 

Per  cent. 

Carbonic  acid  aiul  combined  water 26. 40     Analysis. 

Zinc 40.00 

Oxygon 10.06 

SiUcicacid 5.00 

Lead 5. 54 

Ferric  oxido  and  aluminum 6. 50 

Limo  and  magucHia 4. 40 

Sulphur 2.00 

Total 99.90 

This  composition  is  nearly  the  average  of  the  ores  from 
the  various  mines,  which  contain  from  38  to  45  per  cent,  of 
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"^^y-       zinc.    The  eaxtliy  ores  are  of  a  similar  composition.    The 

Zinc  minos  of  zlnco-plumbiferouB  ores  contain  34.50  per  cent,  zinc,  20.5(> 
Anal  au        ^^^  ceut.  lead,  and  150  grams  of  silver  per  ton  of  ore. 

These  latter,  as  well  as  the  earthy  calamines,  are  sold 
Expioitotion.   ra^^  while  the  lump  ores  of  zinc  are  roasted  at  Bnggemi, 
with  charcoal,  in  shaft  furnaces  0  meters  high  and  3  meters 
in  diameter  at  the  widest  point. 
Cakining.  The  calciulug  iucrcases  the  zinc  contents  of  the  ore  to 

54.40  per  cent.,  and  it  is  said  that  the  variation  in  the  com- 
position of  the  roasted  calamine  does  not  amount  to  1  i>er 
cent. 
Workmen.  The  number  of  workmen  employed  by  the  company  is 

1,465. 


XI. 


SPAIK. 


SPAIN. 


So  £ar  as  natural  resources  are  concerned,  Spain  is  one  of   Grand  xuitun] 

resourcosiiiluftd, 

the  first  mining  countries  in  the  world.  It  leads  all  countries  quickaUyer.  cop- 
in  the  amount  of  lead  and  quicksilver  produced;  the  copper- ^^'  "*"* 
mining  district  of  Huelva  is  one  of  the  most  imx>ortant  in 
Europe ;  the  iron  mines  of  Bilbao  are  as  famous  for  the 
quantity  of  their  ores  as  for  the  quality  of  the  metal  pro- 
duced from  them ;  its  coal  fields  are  extensive  and  have  the  ooai  and  zinc. 
advantage  of  lying  near  the  sea-coast ;  and  ores  of  zinc  and 
other  metals  abound.    The  exhibits  made  at  Paris,  however,    luadeouute  ex- 

'  '  hibit  in  Parin. 

as  far  as  Class  43  isc  oncemed,  were  utterly  unsatisfactory, 
some  of  the  most  famous  mines  not  even  being  represented 
by  specimens  of  ore,  and  information  either  as  to  the  mining 
statistics  of  the  country  or  as  to  the  nature  and  workings  of 
particular  deposits  was  conspicuous  only  by  its  absence. 

Under  these  circumstances  the  Commissioners  would  be 
justified  in  omitting  any  report  upon  the  Spanish  exhibit, 
but  Spain  plays  a  part  really  so  important,  and  potentially 
so  much  more  so,  in  the  mining  industries  of  Eurox>e,  that  a 
few  facts  gleaned  from  various  authors  are  here  set  down. 

The  following  r^sumS  of  the  product  of  the  metallic  mines  .  B«portof  Deni* 
of  Spain  is  taken  from  a  work  by  M.  Denis  de  Lagarde : 

Production  of  ores  in  Spain, 


Ores. 


Lead 

ArKentiforons  lead . . . 

Silver 

Argentiferoua  pyritoa 

Copper 

Argentiferous  copper 

Zinc 

Nickel  and  cobalt  — 


Spain, 

1868. 

Production    oi 
ores    in    Spain : 

1867. 

Tonnet. 

337.093 

80,417 

1,648 

25 

237,488 

no 

80.822 
122 

1869.          1867-1869. 

Tonnei. 

317,070 

28,908 

8,404 

500 

227, 732 

95 

131, 407 

1 

Tonnet. 

278,374 

83,440 

2,931 

1.825 

. ... 

306,620 
223 

113,485 

83 

WW 

While  no  trustworthy  figures  are  attainable  ibr  the  prod- 
uct of  the  Spanish  mines  since  1869^  it  is  known  that  the  fig- 
ures of  the  above  table  have  undergone  considerable  modi- 
fication. The  amount  oi  lead  and  zinc  produced  has  dimin- 
ished, while  that  of  cop];)er  has  largely  increased. 

The  chief  lead-mining  province  of  Spain  is  Murcia,  on  the    The  lead  mines 
southeastern  coast,  which  produces  two- thirds  of  the  yearly  "'^'*"^^*' 
output.    The  province  of  Santander,  on  the  Bay  of  Biscay, 
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"'""■       in  Old  Castile,  leads  in  the  production  of  zinc,  bat  the  prov- 
Zinc  mfni;*  nf  jncv  of  AIuTcia  stauds  next  to  it,  and  the  two  together  pro- 

SaulJuder      and  or 

unrcia.  dncti  nine-tcntlis  of  the  total  zinc  product  of  the  country. 

Copper.  Almost  all  the  copper  is  produced  in  Iluelva,  which  lies  in 

the  Boathwestem  comer  of  Spain,  adjoining  the  great  py- 

ironim.         rites-mining  district  of  Portugal.     Iron  ore  is  largely  mined 

both  in  the  Bay  of  Biscay,  iu  the  neighborhood  of  Bilbao, 

^^™^  and  in  the  southeast  (Murcia),  whilecoalcomeschieOyfirom 

Asturias  and  Palencia,  on  the  northern  coast,  but  also  from 

Coi-dova,  in  the  south. 

The  following  notes  are  mostly  taken  from  M,  J,  Pecbai'n 
valuable  treatise,  Kokle  and  Eiaen  in  alien  Laendern  der 
Ertle: 

adelJDBie'pKiK-     Sirain  ixjsaesses  such  important  deposits  of  coal  that  the 

roSu  "^  """^''tirely  inadequateproseeutionofcoalminingwonld  beveiy 
remarkable  were  it  not  fully  explained  by  the  unfavorable 
political  coiiditions  of  the  country. 

wfJ^riitidS'"'  '^^^  extent  of  the  coal  fields  of  Spain  is  estimated  at 
9(16,720  hectares  (nearly  3,600  square  miles).  The  store  of 
coal  is  supposed  to  be  from  3,000  to  3,500  million  of  tons. 
Of  this  two-thirds  can  certainly  be  mined  with  profit,  and  at 
the  present  mte  of  consumption  (a  million  and  a  half  of  tons 
a  year)  would  last  Spain  for  1,300  years. 

mi%'i^si>^  *^**^'  """"'ug  "1  Spain  was  begun  about  the  middle  of  the 
eighteenth  ceuturj',  but  in  1825,  on  the  promrdgation  of  a 
new  mining  law,  there  was  no  coal  being  mined.  Since  that 
time  there  has  been  a  very  gradual  rise  in  the  production 
and  consumption.  But  more  than  half  the  amount  used  is 
still  import«l,  as  will  be  seen  by  the  following  table: 

■.f  SpoDlHb   coal  rS         I 

nimi>«  mMl  work-  gJ!    ,i     g 


1  Z^ 

ill 


Ovicdo I  61.874 

Coriovft.  1,76» 

P^lmcla I    S;H1 


4- 

■  68,220 

fl,7M 

82 

GS8 

CH.3M 

Aiicwta   . 
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p„,.„. 

i 

1       ,B»., 

111 

uimoM. 

277 

<       ' 

,IimnM. 

»1 

"l 

7,  BIT 

7,3!5]         M 

10  !    ]3,3U 

AgRngBlB 

so,  710 

KiD    708,  BBS 

rrasHuI.   Ilgntle.       Totst, 


401,306        St.3Sa 


«Se.7(r7        «,SZ4 


■XT 


Productiun, 
[:uiiiiiimp.'""nP'l"n'  ' 


III  tLo  report  on  Eugland  an  interestiufc  table  was  giveu      comptretivn 
showing  the  purposes  for  which  the  coal  raised  was  eon-  ^ou"^  ^r^ 
Humed.    The  cousumption  in  Spain  ftoia  1872  to  1874  for  '*'' 
various  purposes  was  iia  1'oIIowk; 


500. «» 
190,000 

no.  CM 
i«:boo 

Per 

«.»„»1    l^lMrirf.. 

1,300,000 



It  is  by  no  means  impossible  that  tbe  coal  fields  of  Spain  coovr 
may  hereafter  be  developed  to  an  enoruiooa  extent.  What  fl"!™."' 
gives  them  an  especial  value  is  that  many  of  theui  lie  close 
to  the  coast — an  advant^ige  shared  iu  Europe  only  by  the 
coal  mines  in  Wales  and  tbe  nortli  of  England.  Spain  is 
therefore  in  a  position  to  sapply  with  coal  the  countries  lying 
about  tbe  Metliterraueau,  most  of  which  are  poorly  off  for 
mineml  fnel,  and  to  ship  it  tbrongh  the  Suez  Canal  to  Asia. 
The  first  object  must,  however,  bo  to  supjily  the  home  con- 
samption,  for  which  purpose  the  output  wilt  have  to  be  more 
than  doubled. 
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^^^"- What  are  the  difficnlties  which  have  hitherto  stood  iu  the 

Coal.  way  of  and  still  prevent  the  development  of  the  coal  fields? 

They  are  lack  of  capital,  and  of  enterprise,  and  of  fSacilities 

ofthehiiilframc*^'^^  transportation.    When  the  legislation  of  Spain  permits 

^LitaUjn"^  ***  ^^^  association  of  capital ;  when,  in  general,  the  domestic 

conditions  of  the  country  have  improved;  when  a  system  of 
railways  has  been  developed ;  and  when  the  managers  of 
the  railroads  better  understand  the  purposes  for  which  car- 
rying companies  are  founded,  then  no  doubt  mining  in  Spain 
will  flourish  in  proportion  to  its  mineral  resources. 
Iron  ore*.  The  great  wealth  of  Spain  in  the  best  of  iron  ores  is  well 

The  rich  and  knowu.    The  Spanish  deposits  of  the  finest  carbonate  and 

important  bocis  of 

ii-on  ores.  oxidc  orcs  are  among  the  most  important  in  Europe.    Under 

other  domestic  conditions  Spain,  possessing  extensive  coal 
fields,  might  compete  with  England  in  the  iron  industry.   Up 

jh^o^^t^put*""^  to  the  year  1873  the  output  of  iron  ores  made  great  prog- 
ress ;  in  1874,  partly  in  consequence  of  the  Carlist  war,  the 

turbancea!*^  ^^  productiou  sauk  to  ouc-half.    No  doubt  the  panic  of  1873  in 

the  commercial  circles  of  all  countries  was  also  influential  in 
the  same  direction. 

The  following  are  a  few  data  as  to  the  production  and  ex- 
portation of  iron  ore,  which  cannot  be  extended  for  want  of 
data.  The  unit  is  the  metrical  tonne  of  1,000  kilos,  or  2,205 
lbs.: 

Production  and     '   ~  j  ] 

exportation       of  Y^aw.  ■  Prodnction.  ,  Exportation, 

iron  ores :  I  . 

1871-1877.  1«71 

1872 

1873 

1874 

1875 

1876 

1877 


585,702 
781,408 
811, 026 
402,052 
400,528 
008,800 
1, 16^  170 


301,430 
745.802 
800,381 


In  1877  the  production  of  iron  ore  was  distributed  as  fol- 
lows: 

Tonnes. 

Production  by  Biscaya 702,090 

provinces.  Murcia 200,000 

Oviedo 59,400 

Otlier  provinces 200, 680 

Total 1.102,170 

Auaiywrs.  Thc  foUowing  analyses  of  Biscayan  iix)n  ore  were  made 

in  the  laboratory  of  El  Carmen  Iron  Works,  at  Baracaldo, 
near  Bilbao.  Under  the  term  vena  dulce  is  understood  the 
purest  retl  liematite ;  canipanil  is  also  red  hematite,  which 
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for  the  most  part  contains  limestone,  and  is  especially  sought ^^J^^- 

for  export,  mineral  rubio  is  brown  iron  ore :  iron  oree. 


Vena  dulce. 

Camponil. 

3. 

73.90 
5.70 
3.^0 
5.80 
0.45 
1.23 

Mineral  rubio. 

1. 

2. 

80.78 
2.63 
1.38 
2.24 
0.39  > 
0.40 

■   •  -   •      •  • 

6.12  1 

1. 

2. 

84.01 
3.20 
0.40 
4.38 
0.40 

0.80 

1 

1. 

2. 

1 

1       83. 7.1 

Irun  oxide. 

86.26 
1.85 
1.53 
1.78 
9.27 
Trace. 

■          .   •  « 

80.73 
8.24 
8.10 
8.15 
0.82 
1.Q4 

79.14 

Silica 

7.20  1        5.25 

AloiDina    

MansuDic  oxide 

2. 40  ,        3. 20 
2.45  '        3.17 

14m«  - 

2.28 
0.71 

1.36 

Magiif^sia    .... 

Trnrp.. 

Sulphor 

Phospboms 

Trace,  i        0. 04 

Water,  etc 

3.81 

2.00 

6.81 

1.25 

5.27  1        8.23 

Total 

100.00 

100.00  i 

100.00 

100.00  , 

100.00 

100. 00       100. 00 

Metallic  iron 

1    56.62 

1 

68.80  1 

1 

51.78 

65.40 

6&62 

Analyses. 


XIL 

PORTUGAL.  PORTUGAL. 

The  following  information  is  derived  from  articles  pub- 
lished in  the  special  catalogue  of  the  exhibit  of  Portugal. 
Geological     Almost  all  the  known  ^^logical  formations  are  found  in 

character  of  the  "^ 

country.  Portugal.     One-third  of  its  area  is  composed  of  igneous 

rocks,  such  as  granites,  diorites,  i>orphyries,  and  basalts ;  a 
second  third  of  the  more  ancient  sedimentary  formations, 
schists,  grauwackes,  and  crystalline  limestones. 

Granites  predominate  at  the  north  of  the  country  and 
toward  the  center,  syenites  and  diorites  are  more  frequent 
to  the  south  of  the  Tagus,  and  the  porphyritic  rocks  ;ixe 
found  almost  exclusively  at  the  center  of  Alemt^jo,  in  the 
southern  portion  of  the  kingdom,  while  the  basalts  occur  to 
the  north  of  Lisbon.  Tlie  schist4)se  rocks  of  the  Archaean, 
Silurian,  and  Devonian  formations  occupy  the  remainder  of 
the  north  and  of  the  center,  as  well  as  of  nearly  the  whole 
of  the  southern  portion  of  the  country.  The  Secondary 
beds  constitute  nearly  the  whole  of  the  zone  comprised  be- 
tween Aveiro  and  Lisbon,  the  mountains  of  Arrabida,  and 
the  shores  of  Algarve,  the  southernmost  province  of  Portu- 
gal. Finally,  the  Tertiary  and  alluvial  deposits  cover  a  large 
area  towards  the  center,  and  are  found  disseminated  through- 
out the  country.  A  great  number  of  metalliferous  veins, 
generally  forming  distinct  groups,  traverse  these  formations. 

in  M°f  m*Haiiitl!r'-     ^^^i^.Y  ^*'  ^^^  important  ore  deposits  of  Portugal  were 

otiB  iiepoBitB.      worked  by  the  ancients,  who  left  numerous-  traces  of  their 

operations.  Mining,  however,  was  for  a  long  time  utterly 
neglected,  and  may  be  said  to  liave  recommenced  in  our  own 
days.  Until  1820  the  mines  were  considered  as  national 
property,  and  the  ownership  was  vested  exclusively  in  the 
Abolition  of  government,  but  at  the  initiation  of  the  constitutional  sys- 

opoiyinminvs.    tom  this  mouoi)oly  was  abolished,  and  private  individuals 

were' permitted  to  work  the  mines  upon  payment  of  an  an- 
nual tax  of  five  per  cent,  upon  the  product.  This  state  of 
things  continued  until  the  close  of  1852,  when  the  law  now 
in  force  was  enacted. 

The  miniiig  laws.      The  fundamental  principle  of  this  law  is  that  mines  are 

state  property.  Under  it  the  discoverer  of  a  metalliferous 
deposit  or  one  of  mineral  fuel  can  record  and  enter  on 
possession  of  a  claim  in  spite  of  any  opi>osition  on  the  part 

MS 
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of  the  proprietor  of  the  surface ;  the  latter  is,  however,  en-     pqhtugal. 
titled  to  full  damages  and  to  a  royalty.    It  is  obligatory   Mining  lawB. 
upon  the  claimant,  within  six  months  after  his  claim  has  .      nespoctivo 
been  inspected  by  a  government  official  and  pronounced  elSra'ofmoSSf- 
legitimate,  to  begin  active  operations,  otherwise  the  title  is t^d^ot  thS^ro- 
forfeited.    A  patent  is  granted  in  perpetuity,  but  the  prop-  &nd!°"  "^  "*^ 
erty  must  remain  undivided,  and  must  be  continuously    Psitcnts. 
worked.     Furthermore,  the  workings  must  be  kept  in  a  safe    obiiptions  oi 
condition,  and  a  tax  of  five  per  cent,  on  the  net  revenue  is  ant 
collected.    Half  of  this  tax  is  paid  to  the  proprietor  of  the 
soil  a^  royalty-.     A  further  tax  is  levied,  amounting  to  $80 
per  10,000  square  fathoms.*    The  taxes  collected  form  a   Taxes. 
special  fund,  to  be  applied  in  such  ways  as  the  government 
sees  fit  to  the  advantage  of  the  mining  industry.    These 
taxes  arc  not  collected  for  two  years  after  the  patent  is 
granted.    Ores  are  subject  to  no  export  duties. 
On  the  1st  January,  1878,  there  were  276  concessions  for   concessionB  m 

•    •  J.  •  •      ^  force  in  1878^ 

munng  enterprises  in  force. 
The  kingdom  is  divided  into  four  mineral  districts,  and  a       Minemi  dss- 

tricts 

mining  engineer  is  attached  to  each  in  the  quality  of  in- 
spector. It  is  his  duty  to  see  that  the  provisions  of  the 
mining  law  are  enforced. 

Iron. — All  provinces  of  the  kingdom  abound  in  iron  ores,    iron. 
and  each  of  the  various  ores  of  this  metal  is  found  in  work- 
able quantities.    They  are  found  in  veins  in  the  schists  of 
Alemt^^jo  and  among  the  Secondary  rocks  to  the  south  of 
Leiria,  where  they  are  accompanied  by  beds  of  lignites. 

Lead. — Lead  mines  also  abound,  although  many  of  them.  Lead, 
supposed  to  be  susceptible  of  great  development,  produce, 
as  yet,  but  little  ore.  The  most  important  seem  to  be  the 
mines  of  Mertola,  near  the  Ouadiana.  These  contain  ga- 
lena yielding  seventy  per  cent  of  lead  and  from  five  hun- 
dred to  six  hundred  grams  of  silver  per  ton.    The  carbon-     Argentiferons 

,  ,  .  ...  galena,  etc. 

ates  which  accompany  the  galena  are  sometimes  still  more 
argentiferous.  Lead  sulphat/C,  crystallized  and  amorphous, 
also  accompanies  the  ores.  Sometimes  tetrahedrite  accom- 
panies lead  ores,  which  then  carry  from  950  to  1,000  grams 
in  silver  per  ton. 

Copper. — The  principal  copper  mines  are  in  the  Evora   copper, 
district,  where  a  considerable  number  of  veins  are  found  in 
granites  and  poii)hyries.    Another  important  deposit  is  that 
of  Palhal,  in  Aveiro. 

The  great  metalliferous  district  of  the  Spanish  province 


*  Tbc  Portuguese  fathom  is  86.56  inches  Euglish,  and  the  above  area  is 
nearly  12  acres. 
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_of  Huelva  also  exteodn  into  Portugal,  and  great  bodies  of 
cupreous  pyrites  are  fonnd  in  Saint  Domingos,  Aljastral, 
and  Grandola. 

Tin. — Tin  ia  found  in  the  granites  near  Porto  and  else- 
where, and  as  fluvial  deposits  in  a  large  number  of  locali- 
ties, but  in  small  quantities. 

Zinc. — Zinc  ia  represented  in  Portngal  chiefly  by  blende, 
found  in  association  with  galena.  Blendes  occur  which  are 
so  argentiferous  as  to  be  classed  with  silver  ores. 

Portugal  possesses  also  mines  of  manganese,  antimony, 
nickel,  cobalt,  and  silver. 

There  are  seams  of  anthracite  near  the  Devonian  schists 
of  the  moantains  of  Vallengo  and  of  Bussaco,  as  well  as  a 
certain  amount  of  Carboniferoos  territory  to  the  soatheast 
of  Alcacer  do  Sal.  There  are  ^so  Jnrassio  lignites  to  the 
south  of  Leira  and  in  the  mountains  of  Buarcos.  The  coal 
mines,  however,  are  not  worked  steadily,  as  they  are  scari-«ly 
profitable,  though  the  coal  is  of  good  quality. 

Salt, — There  are  no  less  than  1,200  salt  marshes  ou  tlie 
coa8tofPortugal,and  their  product  is  estimated  at  22,000,000 
hectoliters.  In  1866  246,000  tonnes,  worth  1,400,000  A-., 
were  exported. 

There  are  over  800  quarries  in  Portugal,  yielding  marble, 
granites,  slates,  clays,  sand,  etc 

The  mining  industry  of  Portugal,  while  it  is  not  unim- 
portant, is  subject  to  great  fluctuatious. 

The  following  is  the  mean  annual  prodnction  of  the  Portu- 
guese mines  for  the  periods  named : 
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The  followiiig  table  gives  the  exportation  of  crude  and    BmrtMioo  or 
mannfactnred  metals  &om  Portugal : 
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roBTUQAL.  The  direction  of  the  mine  of  Saint  Domiugos  presented 
Pyrites  mine  of  at  the  Exposition  a  pamphlet  containing  a  very  graphic  ac- 
count of  the  difficulties  encountered  and  of  the  work  ac- 
complished at  that  important  mining  locality.  As  is  well 
known,  the  enormously  developed  pyrites  industry  of  Great 
Britain  largely  depends  upon  material  from  this  mine.  Be- 
sides the  interest  which  the  description  derives  from  these 
facts,  it  will  be  refreshing  to  some  readers  to  turn  from  ihe 
statistics  which  enter  so  largely  into  tlie  present  series  of 
papers  to  an  account  of  the  industrial  and  social  conditions 
under  which  mining  enterprises  are  carried  on  in  Europe,  so 
curiously  different  as  they  are  from  those  prevailing  in  the 
United  States.  Almost  the  whole  of  the  Notice  sur  la 
mine  de  pyrite  curtoseitse  de  8.  Domingos  is  therefore  here 

translated. 

Mine  of  Saint  Domingos. 

Geographical     In  the  midst  of  an  arid  and  rocky  country,  at  a  distance 
mSJo.      ^      *  of  about  nine  miles  from  the  Guadiana  Eiver  and  of  nearly 

tliirty  miles  from  the  sea,  is  situated  the  cupreous  pyrites 
mine  of  Saint  Domingos,  in  Portugal.  It  lies  in  the  con- 
celho  or  commune  of  Mertola  (Mytilis  Julia  of  the  Romans), 
belonging  to  the  administrative  district  of  Lower  Alemt^jo, 
the  chief  town  of  which  is  Breja. 
oeoiogicoi  ac-  Geological  sketch. — ^The  geognosiic  character  of  this  part 
'*^  ^  **°*  of  the  country  is  almost  identical  with  that  of  the  metallif- 

erous district  of  the  province  of  Huelva,  in  Spain.  Here, 
as  in  the  neighborhood  of  the  deposits  of  pyrites  of  Tharsis 
and  Rio-Tinto,  as  at  Aljustrel,  and  at  Grandola,  which  form 
a  sort  of  prolongation  of  the  same  zone  towards  the  west, 
the  metamorphism  of  the  schistose  rocks  is  very  pronounced. 
For  a  long  time  this  part  of  the  country  was  classified  as 
belonging  to  the  Devonian  period,  and  the  rocks  about  the 
mine  were  considered  as  completely  Azoic.  The  investiga- 
NoryDoigawio.  tious  which  M.  Ncry  Delgardo,  a  Portuguese  geologist  of  the 
highest  merit,  has  recently  made,  lead  to  the  conclusion  that 
the  zone  just  spoken  of  belongs  to  the  Silurian  epoch,  and 
shows  perfectly  distinct  traces  of  organic  fossils.  In  a  very 
interesting  paper  which  M.  Delgardo  presented  to  the 
DeaactionR  Royal  Socicty  at  Lisbon,  he  set  forth  the  reasons  which 
tlSS^icar  M^^-  have  led  him  to  consider  these  rocks  as  a  formation  by  them 

nation  of  the  for-       i  i         •  ^  •  •At_    j. v  i  v  i       •      i 

nation.  sclves,  haviug  no  connection  with  the  other  geological  re- 

gions of  the  peninsula.  From  examination  of  the  casts  of 
fossils  which  he  has  found  in  the  course  of  his  researches, 
and  of  the  geological  phenomena  the  traces  of  which  he 
has  studied  and  compared  in  detail,  M.  Nery  Delgardo  draws 
inductions  equally  ingenious  and  plausible,  which  enable  ns 
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tx)  follow  step  bj'  step  in  their  geological  saccession  the  vi-     vqrtvoal. 


cissitudes  which  this  part  of  the  terrestrial  crust  lias  under-  ^^^  ^^  saiut 
gone  at  the  remotest  period  of  the  earth's  history.  °  °** 

The  succinct  nature  of  a  notice  like  the  present  scarcely 
permits  of  our  drawing  more  largely,  as  we  should  be  truly 
pleased  to  do,  upon  geological  and  paleontological  disser- 
tations which  form  the  matter  of  M.  Nery  Delgardo's  me- 
moirs. 

Overlying  the  sahlbands  which  limit  the  mass  of  pyrites,  cii^tSr^°^^^ 
as  well  as  in  the  barren  country  rock  which  formerly  cov- 
ered it,  are  found,  among  argillaceous  schists,  the  croppings 
of  which  predominate  everywhere,  silicates,  grauwackes, 
and  numerous  quartzose  veins,  which  the  metamorphism  of 
the  subsoil  has  given  rise  to  among  micaceous  or  talcose 
schists,  the  whole  being  covered  with  detritus.  From  the 
decomx^osition  of  these  rocks  there  has  been  formed  a  clay 
impregnated  with  hydrated  oxide  of  iron  of  a  reddish  color 
and  a  variable  hardness,  which  envelops  the  pyritous  ore 
body  of  Saint  Domingos. 

Mineralonical  character, — ^This   mine,  although    inclosed  ^  Mmomiofficai 

•^  70  character. 

in  schists,  does  not  take  the  form  of  a  vein  or  exhibit  a 
banded  structure ;  it  may  be  classed  rather  as  a  bedded 
mass,  the  axis  of  which  is  nearly  horizontal.  Its  outline 
might  l>e  called  navicular,  or  boat-shaped,  for  it  is  six  hun- 
dred meters  in  length  and  sixty  meters  wide,  and  thins  out 
in  all  directions. 

The  strike  of  the  deposit  is  very  nearly  W.  N.  W.  and  E. 
8.  E.  In  its  general  character  it  offers  many  points  of  resem- 
blance to  the  pyritous  masses  of  the  same  kind  in  Germany 
and  Upper  Italy. 

The  ore  is  a  cupreous  pyrites  of  iron.    It  contains,  by  dry    Anaiysia. 
assay,  an  average  of  2.75  per  cent,  of  copper  and  45  to  50 
per  cent,  of  sulphur,  accompanied  by  sulphides  of  iron  and 
the  other  compounds  which  are  generally  found  in  the  an- 
alysis of  pyrites  of  a  similar  nature. 

Archwoloffy, — At  the  mine  of  Saint  Domingos,  as  well  as  at    Archa»iogy. 
the  others  in  the  same  district,  and  at  those  of  Tharsis  and 
Bic^Tinto,  in  Spain,  plain  evidences  of  extensive  operations 
by  the  Romans  are  met  with,  as  well  as  vestiges — though      Evidmcos  r»f 
somewhat  indistinct — of  still  more  ancient  workings,  which  more      ancient 
have  been  ascribed  to  the  Phenicians  or  the  Carthaginians.  ^^"^    ^ 
What  has  given  rise  to  this  supposition  is,  among  other 
things,  a  marked  difference  in  the  degree  to  which  the  raw 
material  has  been  exploited.    This  difference  has  been  ob- 
served between  the  upper  beds  of  the  slag  dumps  Idit  by 
the  ancient  miners  about  the  mine  and  the  underlying  slags. 
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poBTUQAL.  _  However  this  may  be,  the  Boman  workings,  as  is  proved  by 

Pyrites  mine  of  the  coiiis  found  in  the  course  of  the  excavations,  took  place 
*  at  the  period  between  the  latter  portion  of  the  reign  of  Au- 
gustas or  the  succession  of  Tiberius  and  the  partition  of  the 
thoBoiSmwOTt  ^°™^^  Empire  under  Theodosins,  a  period  of  about  three 
•nps.  centuries  and  a  half.    Tlie  vestiges  found  of  a  settlement 

also  date,  in  all  probability,  to  this  epoch,  and  are  numerous 
and  interesting.  There  have  been  found,  in  the  center  of  the 
itemains  of  excavations,  foundations  and  other  remains  of  habitations, 
pedestals  and  fragments  of  columns,  the  latter,  however,  in 
small  number  and  without  artistic  finish.  There  have  also 
been  found  along  the  vsilloy  into  which  the  drainage  tunnel 

Sarcophagi,  opcns,  rows  of  sarcoi)hagi,  covered  with  flags  of  the  local 
schist,  placed  at  small  depth,  and  still  containing  bones, 
which  fell  to  dust  on  coming  into  contact  with  the,  air.  In 
later  excavations  have  been  found  vestiges  of  the  cremation 

Urns.  of  bodies,  the  ashes  being  inclosed  in  little  urns;  others,  still 

smaller,  are  evidently  what  are  called  lachrymal  urns.  Besides 

Pottery.  thcsc  objccts  a  great  quantity  of  pottery  has  been  exhume<l, 
for  the  most  part  in  fragments.  It  is  greatly  to  be  regretted 
that  the  awkwardness  of  the  workmen  employed  in  the  ex- 
cavations has  prevented  the  recovery  of  these  precious  relics 
of  the  past  in  good  condition. 

Among  the  relics  of  mining  operations  the  most  remark- 
jible  are  unquestionably  the  great  wooden  wheels  which 

Ancient  norias.  wcrc  fouucl,  like  thosc  in  the  mines  of  Tharsis,  in  a  state  of 
perfect  preservation,*  and  which  were  used  in  pumping  out 
water.  These  wheels,  to  the  number  of  ten,  are  fumishetl 
with  buckets  upon  their  circumferences.  Eight  of  them 
were  16  feet  in  diameter  and  two  others  were  12  feet. 

Ancient  adita.  Thc  adits  which  the  ancients  drove  to  drain  the  mines 
have  answered  the  purposes  of  the  modern  exploitation  after 
having  been  suitably  enlarged.  The  Roman  workings  reach 
a  depth  of  C6  feet  below  this  gallery  in  places.  Being  in 
search  only  of  rich  ores  they  left  standing  what  seemed  to 
them  of  low  grade.  As  a  consequence,  their  workings  are 
very  irregular,  a  fact  which  has  caused  the  modem  com- 
pany great  inconvenience  and  excessive  cost  in  retiml>ering. 

Present  vork-  Present  worl'ings. — ^The  mine  is  worked  on  levels,  of  which 
there  are  at  present  three.  The  first  is  opened  at  a  depth 
of  40  feet,  the  second  is  52  feet  lower,  and  the  third  is  80 
feet  below  the  second.  The  upper  two  levels  are  now  un- 
covered by  the  removal  of  the  barren  ground  overlying  the 


*  As  is  well  known,  the  absence  of  decay  in  the  wood  found  in  these 
mines  is  due  to  the  presence  of  cnpric  sulphate,  formed  by  the  natural 
docorapositiou  of  the  pyrites. — G.  F.  B. 
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deposit.     The  principal  galleries  are  driven  as  neariy  as     pqutugal. 
possible  parallel  to  tbe  axis  of  the  deposit  and  in  contact    Pyntosnjncof 
with  the  north  and  south  sahlbands.    The  other  excavations  '    *'*^ 

particularly  conform  to  the  method  of  winning  in  -'by  cross- 
cutting,"  and  extend  from  one  drift  to  the  other  for  nearly 
the  whole  distance.  Two  levels  below  those  just  mentioned  ^^^^  wotidn-8 
are  now  being  opened  up.  Formerly  there  were,  besides,  a 
number  of  shafts  sunk  from  the  surface  vertically  upon  the 
ore  deposit,  which  were  employed  for  the  extraction  of  the 
ore.  The  working  of  the  mine  having  been  undertaken  as 
an  open  cast,  as  will  presently  be  seen,  these  shafts  succes- 
sively disappeared  by  the  removal  of  the  ground  through 
which  they  passed.  There  remain  only  those  portions  which 
were  sunk  in  ore ;  these  serve  to  ventilate  the  lower  work- 
ings and  maintain  direct  communication  between  the  dif- 
ferent levels. 

The  principal  excavations  in  the  ore  body  are  of  the  fol- ,.  sixeaof oxcavar 
lowing  dimensions : 

Drifts,  C  ft.  6  in.  X  C  ft.  G  in.  to  24  ft.  x  26  ft. 

Cross-cuts,  C  ft.  X  3  ft.  9  in.  to  13  ft.  x  20  ft 

The  apparently  excessive  size  of  some  of  the  drifts,  espe- 
cially in  the  upper  levels,  was  unavoidable  on  account  of  the 
frequent  occun-ence  of  ancient  excavations,  which  it  was 
necessary  to  unit«  by  arched  passages  of  23  ft.  to  26  ft.  in 
height,  for  safety  in  working. 

The  dimensions  of  the  shafts  below  the  timbering  are  or- 
dinarily 7  ft.  4  in.  X  3  ft.  8  in.  in  those  portions  which  pass 
through  solid  overlying  rock,  and  6  ft.  7  in.  x  8  ft.  3  in.  in 
the  ore. 

The  quantity  of  pyrites  extracted  from  the  mines  from  the         Eitimated 
first  workings  to  the  end  of  the  year  1877  is  shown  by  the  ruc?   LtkicSd 
following  figures :  Ancient  excavations,  estimated  approxi-  "^  ** 
mately  at  150,000 cubic  meters;  modern  excavations,  659,671 
cubic  meters  j  total,  809,671  cubic  meters,  or  about  3,578,745 
tons  English. 

Breaking  ground  in  is  i)erformed  under  contract,  on  a  sys-  *^^^r^?^ 
tem  which  has  long  been  usual  in  the  peninsula.  Thegrou°(i 
miners  are  paid  so  much  per  cubic  meter,  and  the  price  in- 
cludes the  cost  of  tools,  powder,  dynamite,  and  other  neces- 
sary materials,  which  are  furnished  the  miners  by  the  com- 
pany at  cost  price.  The  manufacture  and  repair  of  tools  is 
provided  for  on  the  si)ot,  and  the  smiths  are  paid  a  fixed 
sum  for  making  each  imi)lement.  These  mechanics  are  em- 
idoyed  exclusively  in  worldng  for  the  miners,  and  the  labor 
is  at  their  cost,  while  the  fuel,  the  anvils,  and  all  the  forge- 
iittings  are  furnished  by  the  company. 
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roBTUGAL.  lu  order  to  diminish  the  cost  and  fkcilitate  the  execation 
of  winning  in,  to  enable  the  complete  extraction  of  the  ore 

pjTitcftininoof  ^itii  a  minimum  of  danger  to  the  men,  and  above  all  to  at- 
tain  an  increased  rapidity  in  the  workings  and  a  larger  oat- 
put,  the  removal  of  the  overlying  material  was  undertaken 
in  the  year  1867.    This  barren  ground  had  an  average  tbick- 

Tirmovai  of  the  ness  of  32  mctcrs.    The  project  was  put  in  execution  as  soon 

■whole  overlying  xr     •»  *r 

deportita.  as  couccivcd,  with  the  approbation  of  the  Portuguese  Gov- 

ernment, the  liberality  and  good  will  of  which^  it  should  be 
said,  has  greatly  facilitated  the  execution  of  enterprises  on 
a  large  scale.  This  work  is  already  considerably  advanced, 
and  has  pnxluced  very  perceptible  results  in  diminishing 
the  cost  of  the  winning  in  of  ore     The  greater  portion  of 

uid^barc*  ^^^^  ^^^  dei)osit  is  now  laid  bare.    The  i)osition  of  the  ore  body, 

which  forms,  so  to  speak,  the  core  of  a  hill  rising  in  nearly 
equal  slopes  from  the  surrounding  valleys,  has  made  the 

Syftteniof work-  exccution  of  the  cuttiugs  much  easier.    After  the  removal 

°^*  of  the  surface  an  excavation  was  first  made  in  the  center  of 

the  high  ground.  Tunnels  were  then  run  from  the  bottom 
of  this  excavation  to  the  external  slopes  of  the  hill.  Those 
tunnels  were  run  on  a  grade  sloping  outwards,  and  were 
made  of  sufficient  size  to  accommodate  locomotives  and 
cars.  Through  them  the  remaining  material  forming  the 
wall  of  the  crater-like  pit  was  removed.  A  systea^i  of  such 
tunnels  was  established  on  each  of  the  several  levels  upon 
which  the  removal  of  the  barren  rock  was  undertaken. 

^^Prodatt  up  to     rpijg  amouut  of  material  received  in  this  way  up  to  the 

end  of  1877  reaches  the  large  figure  of  2,488,824  cubic  me- 
Go%u  ters.     The  work  has  cost  £225,000  sterling.    The  enormous 

mass  of  earth  removed  has  nearly  filled  up  the  valleys  sur- 
rounding the  mine. 

th?om^****°   ^^     ^^^'^ct^^^  of  tJie  ore. — ^The  ore  was  formerly  drawn  out 

by  mules,  but  this  operation  is  now  effected  entirely  by 
steam-jmwer.  For  this  purpose  tunnels  have  been  pierced 
from  the  mine  to  the  slopes  of  the  hill,  with  a  downward 
grade  toward  the  outer  end.  The  upper  tunnel,  which 
ser\'es  to  extract  the  ores  from  the  open  cuttings  and  the 
nearest  underground  workings,  has  a  grade  of  only  5  per 
Mine  locomo-  cent.  Transportation  was  eflTected  by  locomotives  of  30 
horse-power.  The  timbering  of  this  tunnel  having  been  de- 
stroyed by  fire,  and  the  ground  about  it  having  been  con- 
siderably disturbed,  it  was  considered  prudent  to  remove 
the  overlying  ground  and  convert  it  into  an  open  roadway. 
In  the  removal  of  the  pyrites  obtained  from  the  lower  levels 
inciintd  planes,  the  orc  has  to  surmouut  an  incline  of  30  per  cent,  and  trans- 
portation is  eftected  by  buggies  or  cars  drawn  by  a  wire 
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roi^,  whicli  is  attached  to  a  fixed  steam-engine  of  90  effect-     i'qbtlgal. 
ive  horse-power,  set  at  a  distance  of  ISO  meters  from  the   Pyritegmhieof 
mouth  of  the  tunueL    This  engine  operates  a  dram  of  large    "**   **™  ^^ 
diameter,  aboat  which  the  iron  rope  passes.    Steel  ropes         suuonftry 
have  of  late  been  sabstitated  for  iron.    Another  engine  on  and  wire  roi>cii 
the  same  plan  is  now  being  set  ap  to  answer  the  demands 
of  the  increasing  output  from  the  lower  levels.     A  third 
engine  is  employed  in  pumping  the  water  from  the  mines,  Parapinsengiue. 
the  pump  being  single-acting  and  of  large  diameter.    The 
pumping  rods  rest  on  cast-iron  rollers  fixed  at  the  top  of  tall 
wooden  trestles.    In  preparation  for  the  time  when  aU  min- 
eral capable  of  removal  by  tunnels  and  inclined  planes  shall 
have  been  extracted,  two  shafts  of  large  diameter  have  been         shafts  for 

,  ,.  1  1        -lower  lovcla. 

started.  They  are  sunk  at  some  distance  to  the  south  of 
the  deposit,  and  are  designed  for  hoisting  from  any  depth 
by  means  of  steam-engines. 

Local  treatment  of  tlie  ore. — ^Tlie  problem  of  treating  on  j^^^^^^^^' 
the  spot,  with  least  possible  cost,  ores  too  i)oor  to  pay  for  ex- 
portation is  a  very  difficult  one  to  solve.    This  is  so  much 
the  more  the  case  as  the  usual  plau  for  the  treatment  of 
pyrites  includes  roasting,  which  must  naturally  be  carried 
out  on  a  large  scale.    But  preliminary  trials  on  the  ground 
aroused  most  energetic  protests  on  the  part  of  proprietors 
and  farmers  in  the  neighborhood,  who  complained  of  the       influence  oi 
damage  done  to  the  surrounding  vegetation  by  the  sulphur-  fSmea'ra^^ne^h" 
ous  fumes.    Even  the  spontaneous  and  purely  accidental  ^^s    vcgeu- 
kindling  of  certain  piles  of  ore  aroused  seditious  and  men- 
acing movements  among  the  country  people,  and  it  conse- 
quently became  necessary  to  abandon  this  method  of  treat- 
ment.   Operations  are  hence,  for  the  time  being,  limited  to  en?SjSraUoS^n 
crushing  the  ores  and  saturating  them  with  water  from  time  p«>'  «'^<** 
to  time.    With  patience  and  the  lapse  of  years  the  copper 
will  be  extracted  in  a  soluble  condition  and  subsequently 
precipitated  in  tanks  by  cast-iron. 

Exportation. — ^The  transportation  of  the  pyrites  firom  the  Exportation. 
mine  to  the  port  of  shipment  is  performed  by  a  railway  of  3 
ft.  6  in.  gauge  and  locomotives  averaging  55  horse-power. 
The  distance  is  about  11  miles  (17^  kilometers),  but  upon 
parts  of  the  road  the  action  is  automatic,  the  grade  being  luuway  to  tbo 
such  that  the  cars  descend  without  traction.  At  the  bot- 
tom of  the  first  down-grade  the  cars  are  attached  to  the  lo- 
comotives and  drawn  up  the  ensuing  up-grade,  after  which 
they  descend  as  before.  This  method  of  transportation 
accomplishes  a  certain  economy  of  fuel,  the  consumption  of 
which  is  very  great  upon  the  steep  up-grades. 
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poBTUQAL.         Tiie  construction  of  the  railway  from  the  miuo  to  the  shij^' 

ping  port  on  the  Guadiaua  was  accomplished  in  spite  of 

&StD?i^S^^*5®riou8  difficulties  arising  from  the  broken  and  mountainous 

character  of  the  country  to  be  crossed.    It  was  necessary 
either  to  leave  slopes  of  1  in  19  or  to  employ  very  powerful 
locomotives  for  the  haulage  of  the  ore,  while  in  isome  places 
curves  of  50  meters  (164  ft.)  radius  had  to  be  passed,  ren- 
dering locomotives  with  a  very  short  base  essential.    On 
.icMUo^l^irans-  ^^®  Other  hand,  innumerable  difficulties  had  to  be  overcome 
lurraincB  tcfThS  ^^  couductiug  the  traffic  demanded  by  the  exportation  of 
Guadiana.         the  pyritcs  upou  such  a  rocod,  with  freight  carried  amounting 

sometimes  to  200,000  tons,  or  thereabout,  per  annum.    If 
there  be  further  taken  into  consideration  the  difficulties 
arising  to  the  management  through  the  excess  of  costs  over 
profit,  and  the  dearness  of  fuel,  which  has  to  be  imi)orted 
wholly  from  England,  it  will  be  readily  seen  that  the  trans- 
portation of  the  pyrites  to  the  point  of  shipment  is  one  of 
the  largest  elements  in  the  price  of  our  ores. 
Railway  pixmt      Twcntyfour  locomotivcs  are  in  use  at  Saint  Domingos; 
of  these  the  more  powerful  are  used  on  the  railroad  to  Po- 
mardo,  and  the  others  on  the  different  roads  within  and  with- 
out the  mine  for  removing  the  barren  material  overlying 
the  ore,  etc.    There  are  791  cars,  without  counting  the  side- 
dump  cars,  exclusively  used  in  terracing  work.    The  tolling 
stock  represents  a  total  value  of  £83,342. 
Ore  cxiwrtwi.       The  wliolc  quantity  of  ore  exported  since  the  commence- 
ment of  oi>erations  at  the  mine  up  to  the  end  of  1877 
i^>u-;:i  .<iooro8'^"^^^^^  to  2,325,802  metrical  tons.    About  036,804  tons  of 
mont**^*  ^^^^  low-grade  ore  have  been  set  aside  for  motallur^iical  treat- 
ment on  the  spot. 
EmbarkaUon.      EmbarJcatioti. — If  the  construction  of  a  railway  across  the 
country  so  broken  as  that  through  which  the  Guadiana 
runs  was  an  enterprise  beset  with  difficulties,  the  establish- 
ment of  a  shipping  port  for  liie  large  quantities  of  ore  was 
scarcely  less  so.    It  was  necessary  to  choose  a  part  of  the 
river  at  which  a  minimum  distance  from  the  mine  should  be 
Difflcuitj  In  combined  with  a  sufficient  depth  of  the  channel  to  permit 
•hipping  port     of  acccss  to  stcamcrs  of  deep  draught.     But  just  at  the 

I)oint  where  these  advantages  were  combined  the  hills  de- 
scended very  steeply  to  the  banks  of  the  river.  The  crea- 
tion of  a  port,  the  establishment  of  buildings,  and  the  other 
necessary  constnictions  here,  /m>c  opiwj,  hie  labor  est!  Perse- 
verance and  the  liberal  use  of  capital,  however,  overcame 
the  obstacles  which  the  nature  of  the  country  offered  to 
these  plans. 
The  commencement  was  made  by  conslructing  a  quay 
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along  which  the  ships  were  to  anchor.  The  surface  of  the  quay     roBxuGAL. 
was  raised  to  the  level  of  the  railroad  from  the  mine.    Rails 
were  then  laid  to  chutes  in  the  quay,  projecting  to  a  point  sainTD^i^ngos. 
above  the  holds  of  the  vessels  to  be  loaded,  and  lined  with 
boiler-plate.    On  reaching  these  chutes  the  cars  are  tipped  ^he  GualliaSa.  °° 
on  a  rocker,  dumping  their  contents  directly  into  the  vessel. 
The  perfect  success  of  this  arrangement  has  led  to  the 
construction  of  a  second  quay  at  a  short  distance  from  the 
first.    By  these  means  1,500  to  2,000  tons  can  be  loaded  per ,    ,.  Capaciiy  of 

loauuig  arrange- 

day  if  necessary  without  much  difficulty.    The  problem  of  menu. 
the  embarkation  of  ores  having  been  solved,  the  next  step 
was  to  build  a  village  for  the  accommodation  of  the  neces- 
sary employes,  and  to  construct  warehouses,  offices,  etc. 
For  this  purpose  it  was  necessary  to  make  cuttings  in  the 
slopes,  remove  rocks,  fill  ravines,  and  open  up  roads  where 
there  had  been  mere  trails,  accessible  only  to  the  goats  and 
herdsmen  who  till  then  had  been  the  sole  inhabitants  of 
these  regions.    At  last  the  port  of  Pomar§o  was  estab-    TheportofPo- 
lished,  a  port  now  well  known  and  annually  fi:equented  by" 
more  than  400  sailing  ships  and  steamers  of  a  capacity  of 
from  250  to  1,500  tons.    Two  tugs  are  kept  upon  the  river 
for  towing  the  sailing  ships  from  the  bar  of  the  Guadiana 
to  the  port  of  Pomarao,  a  distance  of  30  English  miles. 
There  are  at  Pomar§o  a  large  number  of  warehouses,  offi-     xbo  buudin;:^ 

,       ,,.  J.       J*       j.%.  '  ^  1  ^i_     and  olBccs  at  tlio 

ces,  dwellmgs,  etc.,  for  the  vanous  persons  to  whom  the  port 
shipping  of  the  ore  gives  employment  or  business.    A  por- 
tion of  these  buildings  was  destroyed  by  the  terrible  fiood 
of  the  Guadiana  which  occurred  from  the  Gth  to  the  8th  of 
December,  1870.    This  fiood,  the  most  disastrous  of  which    xbo  flood  of 
there  is  any  record,  produced  the  most  terrible  devastation,  ^<=<^*»^'^'  ^^^ 
not  only  at  Pomarao,  but  along  the  whole  course  of  the 
river.    Constructions  of  the  most  solid  character,  which  had 
resisted  all  previous  inundations,  failed  to  stand  this  one, 
and  the  enormous  volume  of  waters  rushing  down  the 
mountains  swept  the  country  before  it  in  its  dizzy  course, 
leaving  nothing  after  its  passage  but  a  vast  slough,  which 
covered  a  scene  of  fearful  destruction.    It  need  scarcely  be„i>c«tnictiou  ©r 

Fomartlo. 

said  that  Pomar^  was  completely  demolished  and  had  to 
be  reconstructed.    Happily,  these  terrible  phenomena  are 
repeated  only  at  long  intervals. 
On  the  bank  of  the  river  opposite  to  the  shipping  port  a    Arrangements 

X.      1         1  1  1  ^      J  J^  J  for  deposit  of  bal- 

steam  apparatus  has  been  placed  to  draw  up  cars  charged  last 
with  ballast,  which  is  deposited  at  such  a  height  as  to  be 
safe  from  freshets.    Grave  inconvenience  would  otherwise  bo 
occasioned  by  filling  up  of  the  channel.    A  steam-engine  of  9 
nominal  horse-power  draws  the  cars  up  the  hill  by  a  chain. 
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POBTUOAL. 


baildlnss. 


Church. 


The  mine  of  Saint  DomingoSj  buildings^  etc. — ^The  village 
known  under  the  name  of  Saint  Domingos  was  bailt  by  the 
Dwui  *^M '^*°*  company  which  works  the  mine,  in  the  immediate  neighbor- 
hood of  the  works.  For  nearly  twenty  centuries,  ever  since 
it  was  abandoned  by  the  ancient  miners,  this  region  has 
been  a  desert,  occupied  only  by  wild  beasts  and  an  occa- 
sional goat-herd  with  his  flock. 
Dc^Bcription     ^g  g^Qu  as  posscssiou  was  taken  the  construction  of  a 

of  the  coiupany'B  ^ 

village  was  begun,  which  now  entirely  surrounds  the  hill  of 
Saint  Domingos.  An  enormous  building  was  erected,  which 
contains  the  lodgings  of  the  director,  the  offices,  the  labora- 
tory, the  billiard-room,  and  a  reading-room  for  the  recrea- 
tion of  the  employes.  The  latter  contains  a  library  and  the 
greater  part  of  the  journals  of  Portugal  and  of  the  princi- 
pal foreign  countries.  A  church,  dedicated  to  the  Catholic 
worship,  stood  upon  the  highest  point  of  the  hill  of  Saint 
Domingos,  and  was  in  charge  of  a  priest,  whose  salary  was 
paid  by  the  company.  The  enlargement  of  the  open  cast 
having  encroached  upon  the  site  of  this  church,  it  became 
necessary  to  demolish  it,  after  solemn  deconsecration,  leav- 
ing only  the  'clock  tower,  which  remains  as  a  relic  of  the 
former  edifice. 

Religious  service  is  now  performed  provisionally  in  a 
chapel  which  has  been  consecrated  in  another  part  of  the 
company's  estate,  out  of  reach  of  the  workings. 

Among  the  buildings  is  a  hospital,  which  has  been  estab- 
lished for  the  gratuitous  treatment  of  the  workmen,  to 
which  is  attached  a  dispensary  where  medicines  are  fur- 
nished free  of  charge,  the  whole  being  under  the  care  of  a 
physician  and  an  apothecary  paid  by  the  company.  There 
are,  moreover,  a  number  of  stores  for  the  supply  of  food,  etc, 
and  500  dwellings  more  or  less  spacious.  Of  course  there 
are  various  foundries,  carpenter  and  machine  shops/smithies, 
etc.  At  Saint  Domingos  motive  power  is  furnished  in  these 
shops  by  a  16  horse-power  engine.  There  are  also  spacious 
storehouses  for  the  supplies  of  the  company.  There  are 
Workmen  em-  from  1,500  to  2,500  pcrsous  employed,  according  as  the  work 
is  being  more  or  less  actively  pushed. 

For  the  purpose  of  making  the  works  of  Saint  Domingos 
independent  of  the  effects  of  the  natural  dryness  of  the 
country,  and  of  supplying  the  needs  of  the  constantly  grow- 
ing number  of  steam-engines,  considerable  capital  has  been 
invested  in  the  construction  of  dams  in  the  rivers  and  ra- 
stora;;e  reser.  viucs  iu  the  surrouudiug  couutry,  which  admit  of  storage 
of  a  sufficient  quantity  of  water  during  the  winter.  The 
neglect  of  this  pn»caution  might  be  followed  by  serious  con- 
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scj^uences,  since  the  great  heat  of  summer  dries  uii  all  the     rogrufiAL. 
water-courses  in  the  neighborhood,  and  even  the  springs  and      baint  Dumiu 
wells.    The  largest  of  these  reservoirs  will  contain  from  ^***  ""*'* 
5,000,000  to  6,000,000  cubic  meters,  and  suffices  for  the  sup-    stomg©  roaer- 
ply  of  the  boilers  and  of  the  various  processes  of  saturation 
and  cementation.    There  is  even  a  project  for  the  employ^ 
ment  of  the  surplus  water  in  the  irrigation  of  lands  about 
the  mine.    These  lands  have  been  acquired  by  the  company 
with  the  intention  of  clearing  them  for  the  culture  of  such 
crops  as  are  adapted  to  the  climatic  conditions  of  the  place. 
The  attempt  has  eveji  been  made  to  cultivate  barley  and 
oats,  to  serve  as  feed  for  the  mules  kept  at  the  mine. 

As  a  hygienic  measure,  and  for  the  purpose  of  modifying  caitara  of  tbo 
as  far  as  possible  the  natural  barrenness  of  the  country,  the  vi^  *^'"*  ^ 
culture  of  the  Eucalyptus  globulus  (better  known  in  America 
as  the  blue  gum)  has  been  u^dertaken  in  all  suitable  posi- 
tions. This  species  is  perfectly  adapted  to  the  climatic  con- 
ditions and  to  the  soil  about  the  mine,  and  several  thousand 
of  the  trees  are  already  in  a  flourishing  condition. 

The  capital  represented  by  the  works,  the  railway,  rolling  caiatai  om 
stock,  etc.,  of  the  mine  and  its  dependencies  may  be  esti-  ^  ^^^  ' 
mated  at  £560,000.  The  general  direction  of  the  company 
is  in  London,  and  the  ores  are  exported  almost  exclusively 
to  England.  A  beginning  has  been  made  looking  towaitl 
the  manufacture  of  chemical  products  at  Lisbon  and  else- 
where, but  as  yet  only  on  a  small  scale. 

The  managing  director  is  Mr.  James  Mason,  who  has  been   Jam^B  Mason. 
successively  made  **  Commander  of  the  Order  of  Christ,"  tor. 
^^  Baron  of  PomarSo,"  and  ^<  Viscount  Mason  of  Saint  Do- 
mingos"  by  the  Portuguese  Government,  and  has  latterl}' 
been  appointed  ^^  Commander  of  the  Order  of  Charles  the 
Third"  by  the  Spanish  Government.    The  commercial  ad- 
ministration of  the  company  in  England,  which  is  not  less 
important  than  the  able  and  energetic  working  of  the  mine 
in  Portugal,  devolves  upon  the  brother-in-law  of  M.  le  Vis- 
count de  Saint  Domingos,  Mr.  F.  T.  Barry,  who  has  been   F.T.Barry, 
elevated  by  the  Portuguese  Government  to  be  "  Commander 
of  the  Order  of  Christ,"  and  promoted  by  a  decree  of  No- 
vember 22, 1876,  to  the  title  of  "  Baron  de  Barry." 

May  this  example  excite  the  emulation  of  the  Portuguese 
capitalists  and  lead  them  to  the  development  of  the  abun- 
dant and  varied  resources  which  their  country  oftcrs  to  their 
own  benefit  and  that  of  the  national  industry.  Domestic 
order,  i)ersevering  work,  and  the  intelligent  application  of 
capital  will  restore  Portugal  to  the  rank  she  foimerly  occu- 
pied among  the  powers  of  Europe. 


ORBBCB. 
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OBEEGE. 


THE  GREEK  EXHIBIT. 


The  exhibita.  The  exMbits  illustrating  the  mineral  industry  of  Greece 
possess  a  peculiar  interest  The  ancient  mines  of  Attica,  be- 
longing to  the  most  highly  cultivated  i)eople  of  antiqaity, 
were,  unquestionably,  worked  with  the  utmost  degree  of 
technical  skill  the  age  afforded.  While  other  ancient  mines 
are  obliterated  by  the  weathering  of  the  rocks  or  the  pres- 
sure of  the  surrounding  material,  or  have  been  worked  by 
succeeding  generations  till  every  trace  of  their  original  char- 
Ancicnt  uiiBcs  actcr  is  gouc,  many  of  the  mines  in  Attica  bear  every  ap- 
pearance of  having  been  recently  abandoned.  The  very 
tool-marks  in  the  rock  are  so  fresh  that  the  form  of  the  im- 
plements is  apparent  and  nearly  every  detail  of  the  exploi- 
tation can  be  followed.  To  a  great  extent  we  can  also  infer 
the  methods  of  treatment  of  the  extracted  ore,  from  the 
relics  hidden  under  piles  of  slag  and  mining  waste.  Few 
ancient  writers  touched  upon  such  subjects,  and  if  anything 
like  technical  treatises  existed,  which  is  improbable,  they  are 
lost. 

After  having  been  abandoned  for  a  couple  of  thousand 
years,  the  mineral  industries  of  the  country  have  been,  as  all 
know,  revived,  and  Greece— an  older  mining  country  than 
Saxony  or  Transylvania — ^is  a  newer  field  for  mining  enter- 
Xmse  than  Australia. 

It  is  principally  to  M.  A.  Cordelia  tliat  the  public  is  in- 
debted for  a  knowledge  of  the  ancient  and  the  modern  mines 
of  Greece,  and  from  two  of  his  publications,  La  Qreoesur  It 
Rapport  Giologique  etMin6ralogiqu€y  Paris,  1878,  and  LeLoM- 
rium^  Marseilles,  1871,  nearly  all  of  the  following  informa- 
tion is  drawn. 

The  geology  of  Greece  is  in  a  very  unsatisfactory  condi- 
tion from  a  technical  as  well  as  from  a  purely  scientific  stand- 
point. The  lowest  known  beds  of  sedimentary  origin  are 
crystalline  schists  and  saccharoid  limestones.  The  age  of  these 
rocks  is  uncertain.  Paleontological  evidence  there  is  next  to 
none.  M.  Cordelia  found  a  single  almost  obliterated  im- 
print, which  seemed  to  him  to  belong  to  a  Silurian  crinoid 
animal.  Dr.  Neumayer  found  a  Cretacean  fossil  (HerinamS 
near  the  foot  of  a  tower,  but  was  unable  to  find  it  afterwards 
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in  the  same  place.    Cordelia  believes  it  to  have  occurred  iu  a      oRg'^g- 

buildiug  stoue  from  elsewhere.    Mr.  Sauvage  also  regards 

these  rocks  as  Cretaceous,  arguingfrom  analogy.  Thetechni-  ^  Geoioeicaicon- 

dition  of  Greece. 

cally  important  point  involved  is  evident.  If  these  crystalline 
rocks  are  truly  Cretaceous,  there  is  hope  of  discovering  coal 
below  them.  If  they  are  Silurian,  the  coal-bearing  meas- 
ures are  probably  wanting  in  Greece.  These  rocks  consti- 
tute a  very  large  proportion  of  the  area  of  the  country. 

The  strata  which  have  been  identified  by  tolerably  pre- 
served fossils  belong  exclusively  to  Cretaceous  and  later 
eras,  especially  to  the  Tertiary,  which  is  well  represented. 

Plutonic  and  volcanic  rocks  are  also  largely  represented 
in  Greece  and  possess  some  technical  importance. 

Gold  is  found  in  some  fluvial  sands  of  Greece,  as  a  con-    Q^id. 
stituent  of  one  bed  of  iron  pyrites  in  the  Morea,  and  accom- 
panying silver  in  argentiferous  lead,  but  the  known  occur-    silver. 
rences  of  this  metal  are  of  no  economical  importance. 

Ores  of  the  other  metals  obtained  in  Greece,  particularly        occiirrence 
of  argentiferous  lead,  of  zinc,  andcopi)er,  occur  for  the  most  fead?'S??iuo!'attd 
part  ill  the  crystalline  and  metamorphic  rocks  to  which  ref-  ^^^**^^' 
crence  has  been  made,  though  the  granite  also  contains  veins 
carrying  silver  as  well  as  of  manganiferous  iron  ores  and 
heavy  spar. 

The  principal  mineral  district  is  that  of  Laurium,  at  the    Mines  of  Lau- 
southern  extremity  of  Attica.    Hero  the  ores  of  lead  and 
silver,  of  zinc,  and,  to  a  smaller  extent,  of  copper,  occur  some-  tjj^o^T^Mcsad! 
times  as  regular  veins  in  the  micaceous  schists,  and  occa- »"▼«»•,  and  xinc. 

sionally  in  irregular  bodies  in  the  limestone,  but  for  the 
most  part  in  segregations  and  beds  at  the  contact  between 
the  limestone  and  the  schists.     These  strata  have  been 
broken  through  by  recent  igneous  rocks,  to  the  influence  of 
which  the  formation  of  the  ore  deposits  is  ascribed.    The 
deposits  are  of  great  extent,  as  is  proved  by  examination  of  ^^^^°^  **f  **»« 
the  ancient  workings  and  prospecting  shafts.    Thus,  at 
Camaresa,  the  center  of  operations  of  the  SooiitS  des  Mines 
du  Laurium^  one  of  the  beds  has  been  shown  to  be  metal- 
liferous over  an  area  of  about  H  square  miles.    The  contact 
deposits  are  from  1  to  7  meters  thick,  and  parallel  ore-bear- 
ing beds  are  found  at  different  levels.    Of  these  the  ancients   Ancient  work- 
recognized  four,  and  the  existence  of  other  deposits  below  "^ 
their  deepest  workings  has  been  pix)ved.    It  is  plain  that  in 
the  absence  of  labor-saving  machinery  the  ancients'^cannot 
have  cared  to  prospect  below  a  certain  depth.    The  ores 
consist  of  galena,  blende,  lead  and  zinc  carbonates,  copper  oiS^*""  **'  ^^ 
sulphides,  and  carbonates.    Pyrites,  spathic  iron  ore,  etc., 
are  also  constituents  of  the  deposits.    In  general,  the  main 
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oRttKC!E.       portion  of  the  ore  bodies  consists  of  galena,  more  or  less 

mixed  with  blende,  the  zinc  carbonate  occurring  on  the 

Mineii  of  Lau-  walls  and  in  part  in  separate  deposits.    A  rare  mineral, 

adamine,  a  zinc  olivenite,  has  been  found  at  Lauriam,  and 

seems  characteristic  of  the  zinc  deposits  there. 

of  workfug  ""^^^     ^^®  °"°®®  ^^  Laurium  were  worked  by  the  ancients  with 

great  energy,  thoroughness,  and  skill.  The  ore  deposits 
were  reached  by  vertical  and  inclined  shafts.  Tunnels  were 
not  employed,  and,  according  to  M.  Cordelia,  with  good 
reason,  as  the  dryness  of  the  mines  made  tunnels  unueces- 
sai-y  for  drainage,  and  the  topography  is  unfavorable  to 
their  construction.  The  deposits  were  systematically 
worked,  the  veins  by  stoping  from  one  level  to  another, 
the  beds  by  pillars  and  stalls.  When  the  ore  was  tractable 
it  was  all  removed  and  jiillars  of  dry  masonry  substitute<l. 
Where  the  galena  was  largely  mixed  with  blende,  which 
was  of  course  intractable,  pillars  of  vein  matter  were  left. 
In  thick  beds  two  floors  were  established,  as  is  now  often 
done  in  thick  coal  seams.  The  extraction  was  very  com- 
plete, even  metalliferous  wall-rock  being  removed. 

Masonry  pillars.  Dry  masoury  seems  to  have  been  exclusively  emi)lo3'ed 
in  the  comparatively  lew  cases  in  which  the  roof  or  walls 
needed  support. 
Tools  used.  The  tools  uscd  in  bringing  down  the  ore  and  rock  appear 
to  have  been  picks,  bars,  and  sledges.  In  hard  rock  picks 
with  conical  points  were  used,  in  softer  material  the  point 
was  pyramidal.  Contrary  to  Eeitmaier's  supposition,  tire 
does  not  appear  to  have  been  employed  in  bringing  in  the 
rock,  which  is  not  of  an  appropriate  character  for  the  appli- 
cation of  that  method.  Traces  of  the  use  of  tools  are  every- 
where met  with,  and  M.  Cordelia  has  found  a  gad  which 
was  once  iron,  and  still  retained  its  shape  when  found, 
though  completely  oxidized. 
Slave  labor  in     Transportation  was  effected  by  slaves,  who  carried  the 

carrying  ore.  *  .  .n 

ore  up  the  inclined  shafts,  probably  in  skm  sacks,  as  is  still 
the  practice  in  some  eastern  mines.  Water  must  have  been 
got  rid  of  in  the  same  way.  The  steps. in  the  inclines  up 
which  the  men  went  are  still  visible,  as  are  the  niches  for 
earthenware  lamps,  some  of  which  have  been  found  in 
place.  The  use  of  the  perpendicular  shafts  is  not  altogether 
clear.  From  the  dumps  surrounduig  them,  M.  Cordelia  is 
strongly  of  the  opiuion  that  both  the  windlass  and  pulley 
were  known,  and  that  they  were  used  to  some  extent  for 
shans^*"***''*^"^  hoisting.  The  shafts  certainly  served  to  promote  ventila- 
tion, and  at  the  top  of  some  of  them  is  found,  ofl'set  from 
the  main  opening,  a  sort  of  chimney,  in  which  a  lire  was 
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probably  built  to  increase  tLe  circulation  of  air.    The  sbafts  __^^^    _ 
and  inclines  are  nearly  always  rectangular  and  of  about  4 
square  meters  cross-section.    The  deepest  shaft  mentioned  ri^"^'  **^  ^"° 
is  395  feet.    ]!^one  of  the  shafts  penetrate  to  sealevel. 
The  ore  a«  it  was  removed  from  the  mine  in  ancient  times      Ancient  con- 

ccntrating  appu- 

was  in  part  too  poor  for  economical  smelting,  and  was  con-  ratus. 
centrated.    Some  of  the  concentrating  apparatus,  in  a  fair 
state  of  preservation,  has  been  found  under  heaps  of  waste. 

Although,  as  may  be  readily  imagined,  it  is  not  possible 
to  make  out  from  the  abandoned  apparatus  all  the  details 
of  the  process  of  ore-dressing  as  practiced  by  the  Greeks, 
the  main  features  can  still  be  traced. 

Water  was  scarce  at  Laurium  and  large  reservoirs  were        scarcity  of 

water. 

built  to  store  a  supply.    So  solidly  were  they  constructed 

that  some  of  them  might  even  now  serve  the  purpose  ^or  ^^^«**'»>'^  '•''•«'^- 

which  they  were  designed.    The  concentrating  apparatus 

was  ingeniously  planned  to  permit  the  use  of  the  same  water 

over  and  over  again.    It  consisted  of  a  sluice  some  70  feet  ,  Conc^ntratinj; 

°  sluice. 

long  and  provided  with  three  sumps  or  wells  at  intervals  in 
its  length.  The  sluice  was  not  straight,  but  made  several 
angles  in  such  a  way  that  the  lower  end  came  close  to  the 
higher.  Ore  must  have  been  placed  at  the  higher  end  and 
washed  with  water  taken  by  baling  or  otherwise  from  the 
lower  end.  A  current  was  thus  established,  and  the  mixture 
of  ore  and  gangue  separated  in  virtue  of  the  difference  of 
specific  gravity  of  the  minerals. 
The  rich  ore  and  the  concentrations  were  smelted  in  shaft     Smeitins  fur- 

nact' 

furnaces  without  preliminary  roasting,  a  process  for  which 

they  were  very  well  suited,  being  nearly  free  from  quartz 

and  containing  lime  and  iron.    That  the  ore  was  not  roasted 

is  proved  by  the  globules  of  fused  galena  found  in  the 

slags.    Of  the  fiu'naces  many  have  been  found.    They  are 

of  small  height  (our  authority  does  not  give  this  dimension), 

and  about  3  feet  in  diameter.    The  fuel  was  wood  or  char-    Fuel  and  uasi. 

coal,  and  blast  was  supplied  by  bellows  worked  by  hand. 

The  results  obtained  were  very  fair,  the  slag  containing 

from  5^  to  14  per  cent,  of  lead.    Many  ancient  slags  found    imaot  lead  in 

ala  IT 

in  Spain  and  Italy  contain  no  less  than  25  per  cent,  of  lead. 

The  furnace  lead,  which  M.  Cordelia  has  reason  to  sup- 
lM)se  averaged  0.4  per  cent,  of  silver,  or,  say,  $150  per  ton,  Deaiiverfwition. 
was  refined  by  cui)ellation.    The  apparatus  used  has  not 
been  discovered,  but  the  frequent  occurrence  of  fused  pieces 
of  desilverized  litharge  proves  the  nature  of  the  process. 

The  silver  was  refined  and  the  litharge  reduced,  and  the      Reduction  of 
resulting  lead  employed  as  material  for  weights,  missiles,  "*^^'^*^- 
lamps,  vases,  pipes,  etc. 
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"°'^<^'-  The  load  was  assayed,  and  capels  of  earthenware  (M. 

Minos  of  Lau-  Cordelia  merely  says  de  terre)  have  been  found  in  the  dumps. 
Aways:  cupels.  They  Were  of  nearly  the  same  form  now  in  nse,  IJ  inches  in 

diameter,  J  inch  high,  and  f  inch  deep. 
zinc  accretions.     2inc  accrctions  formed  at  the  tops  of  the  ancient  fomaces. 
They  were  sold  for  the  manufacture  of  bronze,  and,  as  it 
appears,  also  for  use  as  medicine.    If  so,  lead  colic  must 
have  been  familiar  to  the  ancients,  even  at  a  distance  from 
the  mines. 
ci^?^"**aSiiviSr     ^^®  period  of  greatest  activity  in  the  Laurium  mines  was 
tfoo-430  B.  c.       between  GOO  B.  C.  and  the  Peloponnesian  war,  say  170  years. 
state  property.  The  miues  were  exclusively  the  property  of  the  state,  but 
they  were  leased  to  citizens  in  claims  for  long  periods.    The 
Worked  by  labor  was  performed  by  slaves,  even  the  formen  or  sui>erin- 
tendents  being  owned.    M.  Cordelia  estimates  the  number 
of  workmen  employed  at  Laurium  at  about  15,000.    This 
was  a  vast  body  of  slaves  to  handle,  and  must  have  required 
very  strict  organization.    During  the  Peloponnesian  war 
Revolt.  Laurium  was  cut  off  fix)m  the  capital  and  the  slaves  revolted. 

It  is  very  easy  to  see  that  the  re-establishment  of  the  work- 
ings on  the  only  possible  basis  of  slave  labor  must  have 
been  a  matter  of  great  difficulty  in  the  troubled  times  which 
followed,  and  a  knowledge  of  these  circumstances  sufficiently 

subseciutnt  accouuts  for  the  historical  fact  that  the  mines  were  after- 
workings   on  a 

8mau  scale.  wards  workcd  fitfully  and  with  little  energy,  operations  be- 
ing sometimes  confined  to  the  resmelting  of  old  slags,  an 
enterprise  which  might  evidently  be  conducted  with  small 
capital  or  permanent  stake  in  the  prosperity  of  the  district. 
The  miues  were  worked  to  some  extent  under  the  Bomans, 
Abandoned  ist  but  throuffh  Grcck  factors.     In  the  first  century  of  the 

cj'ntury    of    the  *^  iit-ii-»«_ 

Christian  era.     Christian  CHI  LauHum  was  completely  abandoned  and  be- 
came once  more  the  haunt  of  wild  beasts.    There  is  no  evi- 
dence that  work  was  ever  recommenced  until  the  present 
generation. 
Enormous  ox-     The  amouut  of  work  done  in  the  Laurium  mines  was 

workings."''*'***"*  enormous.    Some  2,000  shafts  have  been  found,  averaging 

about  250  feet  in  depth,  and  the  extent  of  the  subterranean 
siaff  of  former  workiugs  is  vast.    The  quantity  of  slag  found  is  about 

operations.        2,000,000  tous,  and  M.  Cordelia  shows  that  this  slag  must 

have  represented  2,100,000  tons  of  lead  and  8,400,000  kilos 
of  silver,  or,  say,  345,000,000  of  dollars.  The  whole  period 
of  700  years  during  which  operations  were  going  on  at 
Laurium  M.  Cordelia  regards  as  equivalent  to  about  300 
years  of  active  work. 
Mining  laws  of  The  modcm  development  of  the  mineral  industries  of 
Greece  dates  from  the  promulgation  of  mining  laws  in  186L 
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These  laws  were  founded  apon  those  embraced  in  the  French 

legislation  of  1810  on  the  same  subject.  Since  this  time 
many  persons  have  boldly  undertaken  mining  enterprises, 
and  the  country  has  been  prospected  foot  by  foot.  Many 
economiciilly  valuable  deposits  have  been  discovered.  Some 
of  them  are  being  worked,  others  are  waiting  for  the  capi- 
tal necessary  to  develop  them.  It  was  at  this  i)eriod  that 
the  8oci6t6  llilarion.  Roux  and  Co.  was  formed.  This  com-  ^^j?^' 
pauy  undertook  in  1864  the  resmelting  of  the  plumbiferous 

slags  of  Laurium,  and  in  1869  the  smelting  of  the  ancient  ^^«"JJP*]21iri. 
mining  waste.  ""*• 

Prodigious  excitement  followed  upon  the  results  obtained  Mining  excite- 
by  this  company.  Claims  were  taken  up  by  the  hundred 
all  over  the  kingdom  on  deposits  of  lead,  zinc,  copper,  iron, 
manganese,  chromium,  lignite,  and  suli>hur.  Of  course 
time  proved  the  fallaciousness  of  many  hopes  and  the  ne- 
cessity for  patience  and  capital,  and  the  inevitable  process 
of  weeding  out  has  followed.  A  portion  of  the  more  hope- 
ful enterprises  have  attracted  the  supi)ort  of  foreign  capital. 

The  want  of  acquaintance  on  the  part  of  the  x)ublic  in      ignorance  of 
Greece  with  the  conditions  of  industrial  enterprises,  an(j***®^'^^P'*^^<^' 
the  lack  till  lately  of  Greeks  possessing  any  professional  ac- 
quaintance with  mining  or  smelting,  have  been  calamitous 
to  the  mineral  industries  of  Greece.    For  a  long  time  com-  Jf^^^^"®^**®' 
missioners  visited  Laurium  at  short  intervals  to  find  the 
gold  bars  and  the  hidden  sources  of  supply  of  the  bullion 
turned  out  by  the  smelting  works.    That  this  was  the  legit- 
imate result  of  the  treatment  of  ores  and  slags  was  not 
credited.    Then,  by  a  sudden  change  in  popular  sentiment 
the  contents  of  the  material  at  Laurium  was  as  much  over- 
valued as  it  had  previously  been  undervalued,  and  taxes      Ruin  of  the 

companies  by  UQ- 

were  i)laced  upon  the  working  amounting  to  more  than  half  jnst  taxation. 

the  worth   of  the  outi)ut.     The  Ililarion    Company  was 

obliged  to  sell  out,  their  successors  and  many  others  were 

nearly  or  quite  ruined,  and  aiiiiirs  reached  such  a  i)ass  that 

the  interference  of  foreign  governments  had  to  be  called  in    interference  of 

for  the  protection  of  the  right*  of  those  of  their  subjects  SSf£*   ^^^™ 

who  had  ventured  to  attempt  the  development  of  industry 

among  a  people  whose  tone  of  mind  was  so  little  congenial 

to  it. 

Of  late  years  an  essential  change  for  the  better  has  come    change  for  the 
about.    Numbers  of  young  Greeks  have  studied  mining  at^^**^' 
the  great  schools  of  Europe,  and  returned  to  Greece.  More 
equitable  arrangements  as  to  imposts  have  been  made,  and 
La  8ociet6  des  Urines  du  Laurium  seems  to  be  in  a  flourishing 
condition. 

22  p  R VOL  4 
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»"'^cg-  This  company  smelts  ancient  slag  and  mining  waste  and 

sach  lead  ores  as  are  now  raised  in  the  district.    It  pes- 
rittmr^**  **^  ^"*  sesses  a  mechanical  ore-dressing  establishment,  where  300 
tons  of  waste,  containing  5  to  G  per  cent,  lead,  are  treated 
Present  works,  per  dicm,  yielding  50  tons  of  concentrations.    The  remain- 
der of  the  waste  is  concentrated  at  the  ancient  dumps  in 
hand-jigs.     The  smelting  works  contain  7  Pilz  furnaces. 
^*^*-  riumbiferous  iron  ore  is  used  as  flux,  and  12  per  cent,  of 

Product         coke  is  bumcd.    The  annual  product  is  7,000  to  7,500  tons 
of  lead,  with  $40  to  $70  per  ton  in  silver,  and  about  400  tons 
of  speiss,  containing  20  to  22  per  cent,  copper  and  2  -per  cent. 
nickel,  besides  lead,  arsenic,  etc.     The  amount  of  fame 
caught  in  a  condensation  flue  1,200  meters  long  is  from 
1,200  to  1,500  tons. 
Flinch  com-     The  miucs  of  Laurium  are  also  being  worked  with  vigor 
mmminei    '^  by  the  Compagnie  Frangaise  des  Mines  du  Lauriunij  which 
blende  ^m?imS  ^^^^  opci^atious  at  the  close  of  1875.    Calamine  (carbon- 
•>rca.  '  ate),  blende,  and  lead  ores  are  raised.    A  portion  of  the 

calamine  is  roasted.    The  following  arc  the  results  which 
have  been  obtained  by  this  company,*  in  tons  of  1,000  kilos : 


Product. 


HalfoT 


1876.  ,  isn. 


187& 


RawdUaxnine ,    1,166      2,425        3,006 

Roasted  calamine ■    4,810  ,  18,477  «    10,104 


Blendo ,       840 

Lead  ores :       432 


119 

507 


The  calamine  of  Laurium  is  richer  than  that  of  Sardinia, 
which  is  said  to  average  about  33  per  cent.  The  mean  con- 
tents of  the  roasted  calamine  for  each  year  was  as  follows : 

Per  cent  tine. 

Analyri«187r) 40.081 

•of  rsosted  cala>i(wy,7  ri  'nx 

-mine.  ^^^ ^^•*' 

1878,  above 60 

The  last  steamer-load  was  settled  for  on  a  basis  of  G5.585 

per  cent.  zinc.    There  is  a  large  amount  of  calamine  in  sight, 

iuid  the  boast  seems  justified  that  this  is  the  most  impor- 

zinc  ore  sent  taiit  output  of  Calamine  in  the  world.    The  zinc  ore  is  sent 

to    Anvers    and  .       ,  _    _ 

Swansea.  to  Auvcrs  aud  Swansea. 

Blendo  and  p-     The  lead  oro  raised  is  mostly  mixed  with  blende,  and  the 

lena    suparatiuj;  *^  ' 

works.  company  has  built  an  ore-dressing  works  to  separate  the 

two.  The  galena  is  very  rich,  much  of  it  running  over  $90 
to  the  ton  of  lead. 

«-5I?^'™u^^'     There  iire  numerous  other  deposits  of  ores  in  Greece,  not 

•croaA  deposits.  *■  ' 

only  of  lead  and  zinc,  but  of  copper,  iron,  and  sulphur. 


# 


Note  8ur  lea  MincB  de  la  Com.  Fran,  des  Mines  du  Laurium.  Lithographed. 
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Many  of  these  have  been  i)rospecte(l,  and  even  worked. g^jocz. 

Thus,  45,000  tons  of  iron  ore  have  been  extracted  at  Sere- 
phos,  and  smelted  in  Enghmd  with  results  highly  satisfac-   iron  ore. 
lory  so  far  as  the  metal  was  concerned.    In  the  eparchy  of  Copper. 
Phthiotide  two  copper  mines  of  a  very  promising  character 
have  been  opened,  and  in  the  island  of  Milo  sulphur  is  act-    saiphnr. 
ually  being  extracted  to  some  extent,  but  the  unwise  policy 
of  the  Greek  Government  until  a  recent  date,  the  general 
badness  of  the  times,  and  the  recent  protracted  wars  on  the 
Greek  frontier  have  prevented  active  exploitation.    Greece, 
however,  promises  much  in  the  near  future. 

No  true  coal  is  known  to  exist  in  Greece.  The  coal  and^Notnieeoaiiii 
coke  annually  imported  from  Enghuid  amount  to  76,000 
tons.  Lignite,  however,  occurs  over  large  areas,  estimated  I'tgnite. 
at  some  1,200  square  miles.  This  lignite  is  of  very  fair 
quality,  and  is  easily  mined.  Its  heating  effect  is  much  less 
than  that  of  English  coal,  and  it  takes  from  125  to  150x)arts 
of  the  native  product  to  do  the  work  of  100  parts  of  the  im- 
ported fuel.    About  G,000  tons  were  mined  in  1877. 

The  exhibits  made  by  Greece  were  of  a  highly  interesting      ^**5JJf|f  Sj 
character,  and  illustrative  of  the  facts  set  forth  in  the  fore-  ?«*»• 
going  pages.    The  ores,  ancient  slags,  and  mining  waste 
found  at  Laurium  were  shown,  and  M.  Cordelia  presented 
models  of  the  simple  and  ingenious  ore-dressing  apparatus   ^*^*^.^J*°' 
in  use  when  Borne  was  struggling  into  notoriety.    The  story  ing  appMatns. 
of  Laurium  is  certainly  one  of  the  most  romantic  chapters  in 
the  history  of  technology.    The  genius  of  Athens  may  fairly 
be  said  to  have  mastered  the  difficulties  presented,  but  the 
conquest  was  dependent  on  unnatural  economical  conditions, 
and  was  consequently  temporary.    The  hold  which  modem 
science  has  taken  on  the  subterranean  treasures  of  Attica 
will  not  be  so  easily  shaken  ofL 


XIV. 
wBTHERLAyDB.  THE  DUTCH  EAST  INDIES. 

THE  DUTCH  EXDIBIT. 

scurcityof mill-     Holland  produces  no  valuable  minerals,  unless  a  certain 

erols  in  Hoiland.  '^  ^ 

quantity  of  dredged  peat  may  be  so  considered.  The  Dutch 
erai^bel^of "the  I^ssessious  lu  the  Eaflt  Indies,  on  the  other  hand,  lie  in 
di?r**  ^**^  ^°"  ^  remarkable  mineral  belt,  extending  from  the  mainland 

through  the  peninsula  of  Malacca  into  the  Malayan  Archi- 
pelago. This  region  furnished  the  only  important  supply  of 
tin,  besides  the  mines  of  Cornwall  and  Devonshire,  untUthe 
Banca  tin.  reccut  discovcries  in  Australia.  Banca  tin,  too,  is  renowned 
for  its  great  purity.  Gold,  gems,  and  coal  also  occur,  and 
occasionally  in  remunerative  quantities. 

The  mineral  resources  of  the  Dutch  Indies  are  not  yet 
thoroughly  investigated,  and  there  seems  a  probability  of 
considerable  increase  in  their  productiveness.  It  is  only 
Biuiton  tin  withiu  a  few  years  that  the  Billiton  mines  began  to  put  tin 
ui>on  the  market  in  considerable  quantities,  causing  a  sad- 
den depression  in  the  price  of  that  metal,  a  harbinger  of  the 
greater  disturbance  caua.d  by  the  discovery  of  immense 
deposits  in  Aust  ralia.  New  tin  fields  have  since  been  found, 
and  bid  fair  to  become  important. 
Exploitation  All  work  councctcd  with  the  exploitation  and  treatment 
of  tin  ores  is  performed  by  Chinese.  Formerly  agents  were 
appointed  to  encourage  their  emigration,  but  at  present 
they  present  themselves  in  sufiQicient  numbers.  They  work 
in  companies,  under  contract,  receiving  a  fixed  price  for  tin 
delivered,  and  enjoying  some  privileges  in  the  matter  of 
supplies.  European  engineers  exercise  a  certain  amount  of 
control  and  supervision. 
Exhibit  of  R.  The  exhibit  of  M.  K.  H.  Arntzenius,  manager  of  the  Bil- 
liton Company,  an<l  the  collective  exhibits  of  the  pro<lucts 
of  the  Dutch  Indies,  gave  very  full  and  interesting  informa- 
tion as  to  the  methods,  instruments,  and  ax>paratus  employed, 
as  well  as  of  the  products  obtamed,  the  mode  of  life  of  tbe 
miners,  etc. 
Comeiiu«ae     M.  ('omclius  dc  Groot,  who  was  formerly  at  the  head  of 

CwTOot  n    account  '         ,      _  ,   __  t     ■■ . 

of  the  Xether-  fhc  Department  of  Mmes  m  the  Dutch  East  Indies,  prepared, 
aurtriM°in^theat  the  rcqucst  of  the  members  of  the  jury,  a  short  account 

of  the  mining  and  metallurgical  industries  of  Banca,  Billi- 
ton, and  the  other  islands  belonging  to  the  Netherlands.    As 

340 
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the  subject  has  considerable  commercial  and  professional  N-gTHBRLAypa. 
interest,  while  but  few  papers  on  the  subject  have  been  pub- 
lished excepting  in  Dutch  technical  journals  rarely  seen  in 
Americ^a,  some  space  may  well  be  devoted  here  to  an  ab- 
stract of  the  above-mentioned  essay.  Some  supplementary 
information  will  be  properly  accredited. 

The  island  of  Banca.  Banca. 

The  sedimentary  rocks  are  argillaceous  and  quartzose  sand-  ^.rPtiSS^^*^  *^^ 
stones,  etc.,  belonging  to  the  Lower  Devonian  (Grauwacke). 
The  crystalline  rocks  are,  for  the  most  part,  granite,  to  some 
extent  diorite,  and  rarely  griesen  and  schists.  The  remain- 
ing formations  are  of  Quaternary  origin,  and  it  is  in  these 
that  the  tin  ore,  "  stream  tin,''  occurs.     Veins  containing  tin     Occurrcme  of 

.      T>  1    ^1  •  •  X'  •  the  Stream-tin. 

ore  occur  m  Banca,  and  the  griesen  is  sometimes  impreg- 
nated with  tin-stone,  but  the  mineral  is  for  the  most  part 
found  in  reticulated  veins  (stockwerke),   associated  with 
quartz. 
The  tin-bearing  gravels  of  the  island  are  found  m  ancient,^  occunvncecf 

*=*  °  the     lin-beariujr 

or  recent  valleys,  and  deposited  in  one  of  three  waysrgra^ei*- 
disseminated  through  the  surface  stratum  to  the  depth  of 
nine  feet  or  more ;  disseminated  through  several  beds,  one 
above  the  other.  These  beds  consist,  besides  the  stream-tin, 
of  but  little  worn  fragments  of  quartz  and  feldspar,  sand,  etc. 
Finally,  the  tin-stone  is  found  disseminated  through  quick- 
sands which  rest  upon  the  bed-rock.  The  latter  is  sometimes 
granite,  but  oftener  kaolin,  or,  in  other  wonls,  granite  in  a 
highly  advanced  stage  of  deccmiposition. 
In  prospecting  for  tin-stone  a  small  Chinese  boring  appa-      chinew  pn>»- 

*         tr  o  o     X  X       pectmg       appn 

ratus  called  Tsjam  is  employed.  This  apparatus*  consists  of  »tuft. 
an  iron  rod  over  20  feet  long  and  1  inch  thick,  to  the  lower 
end  of  which  is  attached  by  its  side  a  conical  tube  of  a  few 
inches  in  length,  open  at  both  ends,  and  with  the  smaller 
end  down.  In  use,  the  small  end  of  the  tube  is  stopped  up 
by  a  rag,  attached  to  a  string,  while  sinking  through  super- 
ficial strata.  When  the  bed  under  examination  is  reached, 
the  mg  is  detached  by  x)ulling  the  string,  and  the  tube 
fiUs  with  gravel.  To  determine  the  value  of  an  ore.  beai'ing 
stratum,  a  copper  tube  armed  with  a  steel  cutting  shoe  is 
forced  through  it,  and  a  core  thus  removed  for  examination. 

The  workings  are  all  open,  and  not  more  than  8  or  9  me-  op«*nworkiiiK«. 
ters  in  depth.    After  excavation  the  tin-stone  is  worked  fi*ee 
of  barren  gravel. 

The  reduction  of  the  ore  is  carried  on  in  two  different 


*  See  Berg-  und  HUttenmSnnische  Zeitunfj,  18G3,  p.  3.3S. 
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KBTHKBLAxue.  specJes  of  fumQce,*  one  of  the  Chinese  design,  which  has 
Tin-redaotion  been  in  use  ever  since  the  mines  were  worked  by  Chinese, 

furnace 

the  other  the  construction  of  Dr.  C.  L.  Vhianderen.  The 
chincBe  furnace.  Chinese  fumoce  consists  of  a  kettle-shaped  smelting  cham- 
ber, cut  in  a  clay  hearth,  and  connected  by  an  open  tap 
with  an  external  well,  into  which  metal  and  slag  run  together 
as  fast  as  they  melt.  The  fuel  is  charcoal,  and  the  blast 
nozzle  entering  the  lower  portion  of  the  smelting  chamber 
is  directed  downward  upon  the  bottom  of  the  chamber  to 
keep  it  hot.  The  slag  is  resmelted  once  or  twice,  besides 
being  crushed  and  washed.  The  blast  is  produced  by  piston 
blast  engines  worked  by  hand, 
viaandereu  s     Vlaandcrcn's  furnace  is  a  small  open-top  blast  fiimace, 

furnace. 

run  with  a  fan  blast.  The  height  is  somewhat  over  5  feet, 
and  the  cross-section  nearly  square  and  2  feet  3  inches  from 
front  to  back.  There  are  three  tuyeres,  which  are  so  placed 
that  the  jets  of  blast  ci*oss  each  other.  The  fuel  used  is 
charcoal,  and  lime  is  added  as  a  flux.  The  ^^  glass"  is 
thrown  into  water  and  subsequently  re-smelted  with  more 

Tungsten.  lime.  Tungstcu,  which  is  however  rare  in  Banca,  is  re- 
duced in  the  comparatively  hot  Vlaanderen  furnace.  The 
furnaces  are  run  only  during  the  night  on  account  of  the 
beat,  the  island  lying  nearly  under  the  eiiuator.  Several 
otlier  constructions  of  furnace  have  been  tried  in  Banca, 
but  with  indifferent  success.  Furnaces  of  a  very  simple 
construction  like  those  above  mentioned  are  preferable,  be- 
cause they  can  be  set  up  in  the  immediate  neighborhood  of 
the  workings,  and  removed  or  abandoned  as  the  deposits 

Bredemeyei.    ^xe  succcssivcly  cxhaustcd.    Bredemeycrt  speaks  of  roast- 
ing the  tin  ore  in  reverberatory  furnaces,  and  leaching  oat 
copper,  etc.,  but  of  this  De  Groot  makes  no  mention, 
i^portionof     The  01*0  Carries  from  71  to  72  per  cent,  of  pure  tin.    A 

metal  in  the  ore.  *■  '^ 

slab  of  tin  weighs  i  picul,  or  30.8806  kilos,  according  to  De 
Groot.  According  to  a  printed  description  of  the  exhibit, 
Weight  of  tin  the  Weight  of  a  slab  is  about  32  kilos,  and  Mr.  B.  Hunt 
states  that  1,000  slabs  weigh  32  tons,  in  which  case  a  slab 
must  weigh  32.}  kilos. 
^^^jCk»vorDmcnt     The  government  undertook  the  worliing  of  the  tin  dei)0sit« 

in  181G,  employing  Chinese  miners  and  smelters,  of  whom 
the  number  at  work  at  the  end  of  the  year  1876  in  Banca 
was  7,789.  The  natives  are  known  to  have  smelted  tin  fully 
two  centuries  ago,  and  continued  to  xiroduce  metal  in  small 
quantities  until  the  Dutch  Government  took  the  matter  in 
hand. 


"*  Sec,  also,  Van  Di&Uy  in  Berg-  und  JSuttenmUtinitche  Zeiiung^  1873,  p.  4*23. 
\San  Francisco  Mining  and  Scientific  Press,  1873,  p.  470. 
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The  production  is  known  since  the  year  1821.    In  that  NETHKRLAxua. 
year  it  was  1,250  metrical  tons*  of  tin.    In  the  year  1846 
the  production  exceeded  4,400  tons,  and  attained  its  maxi-  ^.^  i^?{L\*g7fi!*^ 
mum,  (>,2^  t<>i^s,  in  the  year  1856;  since  then  it  hits  dimin- 
ished gradually  to  a  mean  of  4,340  tons  in  the  years  1871  to 
1875,  while  in  1876  Banca  produced  but  3,932  tons. 

Prof.  G.  J.  Mulder  analyzed  Banca  tin  with  the  following  „     Analysis  of 

_  ••  ®  Banca  tin. 

results: 

Lead 0.014 

Iron 0.019 

Copper 0.006 

Imparities 0.03U 

Tin 99.961 

100   00 

Considerable  deposits  of  magnetite  are  found  in  the  east- 
ern part  of  the  island.    Gold  is  found  in  small  quantities    Gold, 
with  the  stream-tin,  and  sometimes  ill  quite  important  quan- 
ities  on  the  sea-beach  in  the  district  of  Merawang. 

The  island  of  Billiton,  Biiiiton. 

The  geological  formation  and  the  methods  of  working  the    Geological  fur 
ore  are  essentially  the  same  as  those  of  Banca.    Stockwerke      "** 
take  a  more  important  place,  and  are  mined  to  some  exteut. 
Tungsten  occurs  in  a  single  mine,  and  in  anotiier  galena  is 
met  with.    Copper  occurs  only  in  traces. 

The  tin  deposits  in  Biiiiton  were  discovered  by  M.  De    c.DeGroot 
Grout,  in  1851,  and  the  workings  were  opened  in  1853,  in  ^.^  ^^ts^  ^ 
which  year  11  tons  of  tin  were  produced  (1  ton  equals  i®^*- 
1,000  kilos).     In  1803  the  production  was  645  tons,  and  in  ^^^  j^'J^"*^**®" 
1870,  *J,057  tons ;  for  the  years  1871-'75,  both  inclusive,  annu- 
ally 3,390  tons,  and  in  1870,  3,721  tons. 

Dr.  Vlaanderen  analyzed  Biiiiton  tin,  which  is  of  the  „.„,,  Analysis  «f 

r»  .  T  .         ,  Biiiiton  tin. 

same  degree  ot  purity  as  Banca  tin.  It  contains,  however, 
about  .03  of  1  per  cent,  of  arsenic  and  antimony,  but  no 
copper. 

The  Biiiiton  tin  mines  are  worked  by  a  stock  company, 
employing  Chinese  workmen. 

Other  tin  deposits  in  the  Dutch  East  Indies. 

Cassiterite  is  found  in  small  and  not  important  but  work-    Caasiteiite  in 
able  quantities  in  the  little  islands  of  Karimou  and  Singkep.  ^ 
A  concession  has  been  granted  for  working  deposits  of  tin- 
stone in  Negri  Tapong,  a  mountainous  district  in  Eastern 

*  A  metrical  ton  is  1 ,000  kilos,  or  2,205  lbs. 
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xETHEBLAMiw.   SuQiatra,  aud  in  1877  200  Chine«e  miners  were  at  work 

Tin  minea  in  there  In  three  mines.    A  company  is  being  formed  for  work- 
Dutch   East   In-  .        ^,  .  ..  .  *. 

(lieB.  lug  these  deposits  on  a  larp^er  scale. 

^-<»ai-  Coal  is  mined  in  the  eastern  and  southeastern  iK>rtionB  of 

Borneo.  It  occurs  in  the  Lower  Eocene  and  appears  to  be 
of  a  fiiir  quality. 

Diamonds.  Diamonds  are  found  in  the  eastern  and  in  the  western 

parts  of  Borneo,  in  the  detritus,  but  thus  far  not  in  place. 
Itacolumite  is  found  with  them  in  the  detritus.  They  are 
also  found  not  far  from  mountains  of  serpentine.  No  re- 
port is  made  of  the  quantity  or  value  of  the  diamonds  found. 

Gold.  Qold  is  found  in  many  parts  of  the  Dutch  Indies ;  in  pay- 

ing quantities  in  the  interior  of  Sumatra  and  Borneo,  in  the 
north  of  Celebes,  and  on  the  island  of  Kassarouta,  in  the 
Moluccas.  Platinum  is  found  associated  with  gold,  and 
with  it,  in  some  instances,  ruthenium  sulphide. 

The  quantities  of  Banca  and  Billiton  tin  yearly  put  upon 
the  market  are  regularly  i-eported  in  the  Mineral  Statistics 
9f  €hreat  Britashi. 


XV. 

BULLION  PRODUCT  OF  THE  UNITED  STATES. 

Little  that  is  Dew  to  miniDg  men  in  this  country  could  be 
said  of  the  United  States  exhibit  in  Class  43.  Instead  of 
any  attempt  to  do  so,  the  following  discussion  of  the  bullion 
yield,  perhaps  the  most  condensed  and  exhaustive  which 
has  as  yet  appeared,  is  submitted  as  a  valuable  addition  to 
the  English  literature  of  this  important  subject,  and  as  being 
in  harmony  with  the  tone  and  purpose  of  the  preceding  es- 
says. 

"THE   PRODUCTION    OF   THE    PRECIOUS    METALS    IN   THE    BuUion product 

UNITED  STATES.  iJate^""  b?'**^? 

By  Dr.  Adolf  Soetbeer.  Adolf  Soelbeer. 

\Petermann'a  MUtheilunffen,  ErgamungtHuft  No.  57.     Translated  by  A.  T.  Booker.] 
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oT^^r  ^D^tSi     "  '^^^  essentially  diflferent  periods  may  be  distinguished  in 
sutes.  the  production  of  precious  metals  in  the  extensive  region  of 

country  which  now  comprises  the  United  States  of  America. 
They  are  separated  by  the  discovery  of  the  gold  fields  of 
California.  Before  the  year  1840  the  United  States  yielded 
perhaps  less  gold  and  silver  than  any  other  diversified  re- 
gion of  country  of  the  same  extent.  Since  then  the  coun- 
try has  rapidly  advanced  to  the  foremost  rank  in  this  respect 
We  first  meet  with  traces  of  gold-mining  at  the  end  of  the 
last  century  in  Virginia  and  South  Carolina.  Tlie  industry 
became  somewhat  more  important  between  1820  and  1840, 
when  gold  was  als:)  found  in  North  Carolina,  Greorgia,  Ten- 
nessee, and  Alabama,  and  the  gold  obtained  was  coined  in 
the  newly-established  mints.  According  to  the  summaries 
J.  D.  wTiitnoy.  of  Mr.  J.  D.  Whitney,  the  gold  product  in  the  separate 
States  from  1804  to  1850,  and  in  the  respective  divisions  of 
time,  was  as  follows : 


(rold  produc-  Value  of  gold  production  from  1804  (o  1850. 

1850.                   Virginia $1,198»600 

North  Carolina 6,842»900 

South  Carolina 818,100 

Georgia 6,048,1100 

Tennessee  and  Alabama 263,800 

Total 15.172,300 

Value  of  gold  production  in  the  reapectitc  divisions  of  time. 

lri04-*23 147,000 

1824-*30 715,000 

lH3l-'40 6,695,000 

1841-^50 7,715,000 

15, 172, 000 

Golu  deUvered     *^  From  1851  to  1867  the  whole  amount  of  gold  delivered  at 
mints, 'i85ui8u?'  thc  miuts  iu  the  Eastern  States  amounted  only  to  $4,391^915. 

Uow  insignificant  this  sum  appears  when  compared  with  the 

enormous  quantities  of  gold  California  and,  latterly,  also 

other  States  and  Territories  west  of  the  Eocky  Mountains 

have  produced  since  1848.    It  is  a  difficult  task  to  ascertain 

Mt'aiiH  for  esti-  cvcu  approximately  the  quantity  of  gold  which  has  been 

dnctilm  JfthurC' obtained  here,  and  all  the  estimates  which  have  lieen  made 

SS^ky'  "*Moau^  uiust  bc  regarded  as  untrustworthy,  as  they  vary  very  much 

"***"•  from  one  another.  They  have  for  the  most  part  been  founded 

upon  the  export  returns  of  San  Francisco,  the  coinages  and 
assays  in  the  niint:S,  and,  above  uU,  the  books  of  Wells,  Fargo, 
&  Co.,  who  have  transported  much  the  greater  part  of  the 
precious  metals  from  the  various  mining  districts  lying  west 
of  the  Bocky  Mountains,  and  keep  exact  accounts  of  the 
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same.    Such  estimates  cannot  Lowever  be  regarded  as  ^'^'  oF^^^vnS^ 
curate,  for  mere  opinion  based  on  probabilities  enters  largely  states. 
into  them.    A  considerable  i)art  of  the  gold  obtained  by 
thousands  of  isolated  gold-diggers  is  exported  either  by  the  m^^Jhe  nSSn- 
owners  themselves  or  by  their  friends,  and  does  not  appear  jQCpS^^J*^|^th*e 
on  the  books  of  the  express  agents  or  in  the  export  returns  ^^^y    Mouut. 
of  San  Francisco.    The  valuations  in  question  usually  in- 
clude silver.    This  was  especially  the  case  in  former  times, 
when  the  silver  product  was  comparatively  small.    In  many 
of  the  estimates  of  later  years,  on  the  contrary,  a  part  of 
the  gold  product  is  reckoned  with  that  of  the  valuation  of 
the  silver,  especially  in  the  product  of  Nevada.    Moreover, 
it  must  not  be  forgotten  that  in  the  sum  total  of  the  afore- 
mentioned estimates  gold  is  included  which  was  originally 
obtained  in  British  Columbia  or  in  the  mining  districts  of 
Mexico  adjacent  to  California,  and  which  is,  therefore,  not 
to  be  reckoned  as  the  pixMluct  of  the  United  States.    It  also 
sometimes  occurs  that  iu  the  summary  of  the  amounts  trans- 
l>orted  the  same  item  is  twice  stated.    Therefore,  we  must 
allow  a  wide  margin  for  errors,  nor  should  we  lose  sight  of 
the  fact  that  the  temi>tation  to  overestimate  would  natui  ally 
be  much  greater  than  to  underestimate. 

**  Wo  will  begin  by  giving  a  table  of  the  export  of  gold  and    Tabieof theex 
silver  fi-om  San  Fi  ancisco  from  1848  to  1803,  taken  from  the  aiiver  ftom  sau 
commercial  publications  of  that  city,  which  are  based  on  the  ises.  by  Richtbo. 
customhouse  schedules,  and  are  given  by  Mr.  Blake,  and  *^" 
also  by  Herr  von  liichthofen  in  the  above-mentioned  ti-ea- 
tise,  Di€  MetallrFroduktion  Galiforniens  und  der  angrenzenden 
Laetider,    An  addition  has  been  made  to  the  amounts  de- 
clared during  the  years  1848-'5t),  on  account  of  the  acknowl- 
edged incompleteness  of  the  official  returns.    On  the  other 
hand,  for  the  years  1861,  180:^,  and  1803  a  reduction  has 
been  made  of,  respectively,  one  and  a  half  millions,  six  mill- 
ions, and  thirteen  millions,  on  account  of  the  silver  contained 
in  the  amounts  declared.    The  export  of  the  latter  by  way 
of  San  Francisco  has  become  of  greater  importance  since 
1861. 


I 

Yean. 


Declared  and 


Tv./.i>»ui  I  Estlmatdl  estimated  gold 
•;KSSw  1  ftctuol  gold  export  from  San 
gold  export.        exiwrt.        Frandiico: 


1R48 ')  \i  $10,000,000     1848-1855. 

1849  .     > tea, 000, 000  I ^    40,000,000 

ItfiO.. ...... ^.... )         ,(     80,000,000 

I     55,000,000 


1851aptoMa7l 11,497.000 

1851 84.060.805 

1852 45,  no,  000 

1853 ■ 54,006.000 

1854 52,045,633 

1855 1  45,1«1.731 


60.000,000 
65.000,000 
60,000,000 
55,000,000 
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BuUion  product  ~~  ; 

of    tho    United  '     .,.,,,     |    £stimatf>d 

SJtates.  Years.                                         ;  J^  iJI^  i  actual  gokl 

Oold  t'xporta  ;  «°^^  ''^^^'  I      export. 

from  Son   Fran- ; I 

oiaco: 


$33,000,000 
r»5,O0O.0U0 


1856-1808.            1866 $50,007,434 

1857 48,976.002 

1858  47,548,020  I        50.000,000 

1869 47,610,462  50,000,000 

1860 42,3'i5,016  '        42.325,916 

1861 '  40.676,758  30,176,758 

1862 42.561.761  ;        30,061,701 

1863 46,071,920  1        33.071«920 


Richthofen'B     *'  Richthofeii  olucidates  his  tables  with  the  following  re- 
remarks  on  tho 
table.  marks :  *'  The  gold  product  of  California  duiing  the  last  few 

years  may  be  estimated  with  considerable  exactness,  that 
produced  in  eai  lier  years  only  approximately.  The  exporta- 
tions  three  times  a  month  per  steamer  via  Panama,  and  by 
ship  to  China  and  other  parts,  serves  as  the  basis  for  the 
statistical  statements.  These  figures  give  almost  the  total 
export  in  gold  coin  and  ingots  duriug  the  later  yearv,  bat 
do  not  include  the  gold  ren:aiuing  in  the  countr^\  The 
amount  of  this  latter  is  by  no  means  insignificant,  as  in 
California  paper  money  is  not  current  and  only  payments 
in  specie  are  accepted.  Furthermore,  the  fact  of  silver 
being  contained  in  the  ingots  of  gold  is  not  stated.  But,  as 
the  average  standard  of  gold  is  0.S50,  this  last  mentioned 
fact  may  be  neglected  as  of  small  importance.  Of  far 
greater  importance,  however,  is  the  fact  that  hirge  sums  are 
transmitted  abroad  through  privu.te  individuals,  and  in  for- 
mer times  even  larger  suius  were  thus  exported  in  the  form 
of  gold  dust.    In  the  first  years  the  whole  exportation  was 

Mc^eof making  carried  on  in  this  way.  In  the  preceding  tiibles  is  given, 
first,  the  value  of  the  gold  according  to  of&cial  tables,  and, 
secondly,  the  vahie  according  to  estimates,  in  which  the  sums 
exported  by  private  individuals  are  allowed  lor.  Up  to  1860 
the  recorded  ex]>ort  consisted  entirely  in  gold  com  and  ingots 
of  gold.  In  order  to  obtain  accurate  estimates  for  the  thieo 
years  18GI,  I8G2,  mid  1S6<'3,  the  gold  contained  in  the  bars 
of  exported  silver  must  be  taken  into  consideration,  as  it 
amounts  to  no  inconsiderable  sum.  This  fact  has  been  left 
unnoticed  in  the  above  statement  in  order  to  present  a  clear 
idea  of  the  yield  of  the  gold  mines  and  gold- washings.''  Herr 
Decnuuointiiovon  Eichthofen  further  observes  that  the  decrease  in  the 

proiiiict.  *  ^  California  gold  product  is  very  noticeable  when  it  is  remem- 
bered that  in  former  years  the  whole  amount  obtained  was 
from  the  gold-washings  of  Califoniia  alone,  whereas  in  later 
years  the  gold  mines  of  the  whole  country  and  the  gold- 
washings  of  Idaho,  Arizona,  and  British  Columbia  contrib- 
uted  to  the  sum. 
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"The  decrease  in  the  gold  yield  would  have  been  ©ven^^umonpr^j^ 
greater  were  it  not  for  the  increase  of  the  Chinese  popida-  stat««. 
tion.    A  white  man  is  rarely  satisfied  with  $4  a  day,  whereas 
the  Chinese  work  for  81,  and  even  less,  and  consequently 
the  abandoned  gold-washings  could  be  reworked  with  sue- 

"  Jacoby  {Archiv  fur  tcinsenscliaftliche  Kunde  von  Russ-    Jag>by's  «)m. 
ImuL  IJ.  24)  declares  Ilerr  von  Richthofen's  estimates  to  be  too  thofena      eati 

mates. 

low  ;  that  the  decrease  in  the  export  is  no  indication  of  a  de- 
crease in  the  product,  and  that  the  increase  of  the  other 
products  and  exports  of  California  is  an  evident  cause  for 
the  retention  of  a  much  larger  proportion  of  gold  and  silver 
in  the  countiy.  It  also  appears  unwarrantable  to  make  no 
allowance  for  the  gold  which  has  been  shipped  during  the 
past  three  years  without  declaration.  The  gold  yield  of  Cali- 
fornia and  the  adjacent  States  for  the  years'  185G-'C2  may 
be  estimated  at  an  average  of  from  seventy-live  to  eighty 
mllion  dollars. 

''  Mr.  W.  P.  Blake,  who  has  extended  the  above  tables  of  ^^;P^^^»^«i*j^J: 
the  export  of  gold  and  silver  for  the  years  1874-'76  according  thofen'»  tables. 
to  the  (;ustom-house  schedules  of  San  Francisco — viz,  1864, 
$56,707,201 ;  1865,    $45,308,227  ;   1866,    $44,364,393 ;   1867, 
$44,676,292— observes    further:      'Without    doubt    large 
amounts  of  precious  metal  are  carried  away  from  San  Fran- 
cisco by  passengers  in  the  form  of  gold  coin  and  ingots. 
The  amount  thus  exported  is  variously  estimated.    Commis-  undSared^^gow 
sioner  Browne  estimates  it  at  about  two  hundreil  millions  up  ^S  pj^ncuw^ 
to  the  year  1865.    This  estimate  is,  however,  i)robably  too 
high.    Usually  an  addition  of  10  per  cent,  is  made  to  the  de- 
clared amount  sent  from  the  interior  for  what  is  carried  off 
by  the  gold-diggers  themselves,  and  which  does  not  ai)pear 
on  the  books  of  the  express  agents.'    This  addition  must 
also  be  regardeil  as  too  great,  for  it  would  amount  to  more 
than  the  sums  shipped   without  declaration.    Blake  esti- 
mates the  whole  precious-metal  export  of  California  as  fol- 
lows : 

Declared  exiwrt  from  San  Fraucisco 8864, 495, 446  wholif*^j^oM 

Undeclared  export,  assumed  at  10  per  cent,  of  the  declared .      S6, 449, 544  metal  export  of 
Aseamed  to  have  been  retained  in  tbe  country 45,000,000 

Total 995,944,990 

Her»from  to  be  deducted  as  product  of  British  Columbia 
and  Mexico 35,000,000 

Remains,  in  round  numbers 981, 000, 000 

Of  this  suni,  according  to  approxiuiatc  estimation,  gold . .     H07, 000, 000 

"  Before  we  proceed  to  the  valuations  of  the  entire  bullion 
yield  of  the  United  States  we  will  complete  the  above  table 
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'y  ur'''thr  "c^?*!! '^'^  the  di'^liired  exports  from  8aa  Francisco  for  tfaeyc 

■' '  sf"               18G8  to  1875  from  piiblislied  estimates  by  Mr,  Valeoti 

'i  fr?m"'^1?S?8UperiiiteiKleiit  of  Wells,  Fargo,  &  Co.  Kspress.     Ac« 

'.J  '■'•"'■              iug  to  these  statements  the  estwrt  amoaiiteil  to — 

•I  1808-11173.        I8fi8 9Xi,4U 

.:*  IS09 37,-287 

,1  1870 32,983 

W^V^'"!^^^ 17,  E3 

*  Ctt  1872 39,330 

I  1873 24,715 

1  1874 30,  IHO 

I  1875 48,911 

\  ^uiraisport:     « We  add  e8|>eeial  ntatistius  of  the  buUioii  exjwrt  from  I 

;  ' '          FraDcisco  diiiitig  the  three  years  1875  to  1877  IVoin  the 

I  B«ifmiit«ofth«  porta  of  the  German  consulate  of  that  citv,  inclutlinir 

•  countnes  fur  which  the  exports  are  destiued,  as  well  as 
I  Datare  of  the  same. 

;  Ezptirt  of  MlioK  isiKgola  and  go!d-da«l,  in  coia,  and  paper  tKomtj. 

[PnpgrmoDfy  luiuclailcil  In  the  cilcaliitloD  nivrtly  Id  onirr  that  tbt-  nmu  ftf  tbo 
BlatnuenU  may  ngnw-J 

nfitinatlon.  ISTS.       [       IBTt.       [        MTT 


Export b;M*  to Enaland i      tlT3.UT  I       t<a,803 

Export  hy  Bea  to  Cblna '    * '  '"  —  — 


SS3  i  10,918,  WT  I  WT.aoi, 


Haton  Of  the 


EipoItbylraloJnpiiii '  O-VfiS  ,       WI.8M  M3, 

Eipart  by  «ca  In  olbcr  couDtrlea S0T.321  44ii,atU  ,  S74, 

!    8,»42,*.-.4  1  ia39i,634  ,    IB,  124. 
B^mlttcd  onTlaad  to  New  York |3t,S0e.JH  ,  37,3K4,ai2       38,610; 

Totsl !  42,011,018  '  «,7«1),1*8       57. 74* 

This  total  export  consisted  in — 

I       IBT.'i.       I       1B7&  1877. 

'/-                                                                     Onid  Ininit* I  t99r>.l)T0  I  •3.45T.U23  K.S09. 

1'                                                                        Silver iiiifota .■  K, 734, 714  ■  10. 733. 887  KUSO, 

.                                                                     Gold  coin '  M,»3II.W7     31.701.040  Z»,W». 

-■*                                                                     Mfilenn ilollam 1,822,078      £807.113  l,071.i 

Golddunt... 44,072           28,310  22,; 

SUTPTColn 1,140.019'    !i,I«8,031  5,703.1 

1^                                                                    Tnidodollan 4. mil. era  ^    5,7M,liO  8.0201; 

I '  Pnper  moDoy... 2l,oU0 ] 

**  Tolul 42,011,048  ■  40, 7(!0. 140  I    S7.743.I 

S  : 

1  ■lOTProf^MSntaB     "  ^JQce  thc  yciir  1807  a  Commissioner  of  Alining  Statistic 

!  8i«ti«ik».          appointed  by  tlie  (Tnited  States  Government^  has  held  c 

<  lice.    It  is  his  duty  to  send  in  a  yearly  and  circamstanti 

^•',  account  to  the  Secretary  of  thc  Treasury.    This  report 

4  then  laid  before  Congress  and  printed.    For  the  first  t'n 

,1  j.RoMfiroimo. years  this  positioa  was  held  by  Mr.  J.  Boss  Browne;  aft* 
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him  by  Mr.  Rosaiter  W.  Raymond,  who  in  the  year  1877  of^^^r^SS 
handed  in  his  eighth  annual  report  (for  the  year  1876).  states. 
These  reports,  which,  as  the  author  states  in  the  preface  to 
the  last,  are  concluded  for  the  present,  contain  a  vast  num-  Rw. Raymond, 
ber  of  details  concerning  the  various  mining  enterprises  and 
also  much  technical  information  of  all  sorts.    Mr.  Raymond 
has  personally  inspected  most  of  the  mines  in  the  various 
States  and  Territories  and  put  himself  in  communication 
with  a  large  number  of  persons  who  could  give  him  useful 
information  on  the  subject  in  question,  and  from  whom  he 
almost  invariably  met  with  the  readiest  assistance.    In  col- 
lecting the  statistical  information  he  was  especially  aided 
by  the  express  companies.    On  the  other  hand,  the  circulars 
containing  lists  of  queries,  which  were  distributed,  proved 
of  little  use. 

<^  Complete  and  statistically  accurate  accounts  ai-e  given  of 
many  of  the  mining  enterprises,  but  in  regard  to  the  sum- 
ming up  of  the  entire  bullion  yield  one  can  readily  perceive 
Mr.  Raymond's  diffidence  about  giving  comprehensive  state-    vaiue  of  Mr. 

state- 


ments as  the  result  of  his  own  special  investigations,  whereas  tailed 

it  is  precisely  his  estimates  which  have  the  greatest  value  ^^^ 

for  the  public  and  the  civil  authorities.    But  this  very  re-  Absenceofcom- 

prehenslve    K^n* 

serve  on  the  part  of  the  author  in  giving  general  estimates,  erai  eatimatM. 
on  account  of  the  incompleteness  of  his  materials,  gives  one 
confidence  in  his  detailed  statements*  When  Mr.  Raymond 
occasionally,  though  with  reservations,  gives  general  esti- 
mates, they  may  be  regarded  as  more  authoritative  than 
others,  unless  a  decided  reason  for  material  deviation  be 
given. 

"  The  following  tables  contain  the  yearly  reports  of  Mr.  ^S^^^^y^^^Ajf 
Raymond  on  the  annual  yield  of  the  precious  metals  in  tl^®^^®^*.  "*^ 
various  States  and  Territories,  and  also  a  summary  of  the 
presumable  total  yearly  yield  of  both  gold  and  silver : 


states  and  Territories. 


California 

Nevada 

Montana 

Idaho 

0rc{^n  and  Washington 

Arizona 

New  Mexico 

Colorado  and  Wjoming. 

Utah  

From  other  parts 

Total 


18G8. 

1869. 

122,500,000 
14,000,000 
0,000.000 
7,000,000 
3.000,000 
1,000.000 
500,000 
4, 000, 000 

"  600,' 000 

1 
1870.   1 

1 

|t!2, 00^000 

14,  OUO,  000 

15,000.000 

7, 000, 000 

4. 000, 000 

500,000 

250,000 

3, 250, 000 

1. 666,'o6b 

$25,000,000 
10,000,000 
0, 100, 000 
0,000.000 
3,000,000 
800.000  > 
500,000  , 
3.775,000 
1.800,000  ' 
525,000  1 

67,100,000 

61,500,000 

08,000,000  ' 

187L 


1868-1871. 


$20,000,000 

22,500,000 

8.050.000 

5,000,000 

2,500,000 

800.000 

500,000 

4,763,000 

2,300,000 

250,000 

00,663,000 
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Bullion  product ' 
of    Uic     DDiled 


Stale*  uid  TorriUirie*. 


Anniul  yield  nf  CaUfornla  

preciou    mrtDU  K«Tula 

by     SIMM     uuHfontuu 

TetrtWriBBiina-I'lalio  .„. 

lS7li.  Oneoa  (ml  WwAlnEtim    . 

Kew^nico  """'..".''... 

ColonuloaDd  Wynniiniz  ... 

Ul.li \..  •*... 

Viota  other  pait4    

Total    


isn. 
.-ttie.i»Mi(M 


N8.02B,Tn    nO,IO(LG31  I  •17.7911151 

""■'■"■'    «t.wi.-,£33  4.<,4iii,m 

S,8M.TX!  '      S.STS.«M> 

I,8W,ant  '      1,754  MM 

7C3,iwa  I     i,2*a.m» 

M7.00a  I         TSkMlii 


Tl. 442. CVS  I  Ti.i2».H 


Total  bnlUon 

Brodoit    of   the 
nitedSlatCB; 


Total  buUlon  product  of  lt«  Vnilal  Statm, 


Y«™.                                            GoW. 

SUror. 

OoU  nod 

L, 

•as: 

(*,«» 

50.000 
BUIOOO 
50.000 

50.000 

50,000 
50.000 
50.000 
100.  uoo 
]  Ml.  000 
2,000,000 

«:5ou.iioo 

11,000.000 

ii,aio,ouu 
10.  uoo,  ooo 
la,  600.000 

sdlmooo 

*io,OM.ooa 

40.030,000 

M.  050,  OOU 

sslosoiooo 

00.050,  000 
05.0B0,DC0 

glffiS 

50.050.000 
MlW.UUO 
.mm:  MO 
45,000.000 

43.  TOO.  ooo 

4ts6OO.O0« 

1  sslooo.ooo 

im:::::: :;;:;:;:::: 

18M 

|te;oou.«Ki 

1^::::::::;. ::::::::: 

;:::;::::::::::::;.:;:.'gaS 
;:::.::::■;;::  :::::.|;SS;3 

'«,(HW,010 

W.IWU.1W0 

WIWOUO 

issfl 

'  63.«KI.(X>0 

Ti;  75.^000 

IBM 

IIWD 

1  18,OOU,0«»0 

1  *e,6oo.«w 

1873:::":::::::::;::: 

::::::;::::::::;::::::  iSKS: 

•®" 



74.8H.S»» 

^^«  nisiivo  "  That  Mr.  Buymoud  rufrained  from  expressing  an  opiiiioD 
iioid uhi auver lu  in  \i'm  latter  reports  in  rejiard  to  the  relative  projiortioiis  of 
gold  and  silver  in  tlio  sum  total  is  explaiuecl  by  tlie  fact 
that  a  aufficiciitly  explicit  statement  had  not  yet  been  iua4le 
of  the  gold  eontaiuedin  the  ores  of  the  Coinstock  Lode.  On 
another  occasion  he  estimated  the  silver  product  for  1874  at 
i32,80(»,(M)0  and  for  187.1  at  $41  400,000.  In  the  msiterial  for 
the  report  of  the  British  Piirliiiiiieritary  CoinmiReiou  Mr. 
itayiiioiidV  estimate  in  regard  to  the  i-elative  proportions  of 
gold  and  silver  in  the  total  yield  of  the  prodrnt  for  tlieyears 
1874  and  1875  ik  snppleiTiiritiMl  by  foiigbly  assiiniing  the 
relative  ]>ro])ortions  of  gold  and  silver  in  the  total  yield  for 
the  years  1«74  and  1875  at  the  round  siims  of  t40,000,000 
gold  and  $32,000,000  silver. 
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'*  The  following  tables,  made  out  by  Mr.  Valentine,  of  the^^omonpraiocg 
presumable  bullion  yield  in  the  United  States  fix)m  1871  to  st»t©». 
1876,  have  been  published  by  Professor  Suess : 


Yean. 


1871 
1872 
1873 
1874 
1875 
1876 


Gold. 


$35,900,000 
89,400,000 
40,460,000 
40, 100, 000 
41,750,000 
44, 330, 000 


I 


SUver. 


$20,290,000 
20.580,000 
28,250,000 
30,600,000 
34,040,000 
41,500,000 


Gold  and 
ailyer. 


Valentino's 
table  of  the  bul- 
lion yield  of  the 
United  States: 


$56, 190, 000 
59,990,000 
68,710,000 
70,000,000 
75^790,000 
85,830,000 


1871-1876. 


"  Mr.  Raymond's  reports  of  the  annual  bullion  yield  in  the    Report  of  Ger- 
various  States  and  Territories  west  of  the  Rocky  Mountains  ^FmSSJo.** 
may  be  complemented  by  extracts  fh>m  the  report  of  the 
Qerman  consulate  at  San  Francisco,  according  to  approxi-^^^^^jg^oj  g^ 
mate  valuations  of  the  amounts  of  gold  and  silver : 


dact: 


pro- 


states and  Territories. 


California 

Nevada 

Oregon 

Washinirton 

Idaho 

Montana 

TJlah 

Arizona    , 

New  Mexico 

Wyoming  and  Dakota 

Cc  lorado 

Mexico 

British  Colnmbia 

Total 

Subtracted  for  Mexico  and  British  Colnmbia 

Bullion  yield  of  the  United  States 


1876. 


$19,000,000 

49,800,000 

1,200,000 

100.000 

1.700,000 

2,800,000 

6,600.000 

1,400,000 

500,000 

700,000 

7,000,000 

2, 200, 000 

1,600,000 


93,000,000 
2,700,000 


90, 800, 000 


1877. 


1876-1877. 


$18,174,710 

51, 580. 200 

1,191.997 

92,226 

1.832,495 

2. 614. 012 

8, 113. 755 

2, 888, 622 

870,010 

1. 500, 000 

7, 913, 549 

1, 432, 902 

1, 177, 190 


998,421.754 
2, 610, 182 


95,811,572 


"  Of  this  product,  in  1877  ($98,421,754)  about  $50,000,000,    Rektive  nuan. 
or  rather  more  than  half  the  sum  total,  was  gold,  whereas  of  slirfff^i^o-ia??^ 
the  yield  in  187G  about  $48,000,000  was  gold  and  $45,000,000 
silver.    The  consular  report  contains  the  following  observa- 
tions on  the  sources  of  these  tables :    ^  The  statements  of     Difficoities  in 
the  various  mining  companies  regarding  the  yield  of  their  hiformaSo?ftom 
mines  are  by  no  means  accurate,  for  no  one  is  disposed  to  ^"^^i^**^*®* 
<  show  his  hand,'  and  the  artificially  stimulated  fluctuations 
of  the  stock  market  are  dependent  upon  reports  alternately 
hopeful  and  discouraging,  and  which  have  little  in  common 
with  the  real  state  of  affairs.    Wells,  Fargo,  &  Go.  still  re-    Dau  of  the  Ex- 
main  the  most  trustworthy  authorities  for  the  bullion  yield,  Sbemost^Se. 
as  the  greater  part  of  it  is  transported  by  them.    In  cases, 
too,  where  mere  estimates  only  are  possible,  they  have  busi- 
ness connections  through  which  they  can  arrive  better  than 
any  one  else  at  the  correct  valuation.' 
23  P  R VOL  4 
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o?°th?'^rS?^     "  T^®  ^^^^®  bullion  product  of  the  United  States  west  of 
sutM.  the  Eocky  Mountains  is  roughly  estimated  as  follows : 

California $1,165,200,000 

Total  bnllion  Nevada 396,600,000 

United     stated  Oregon  and  Washington 44,000,000 

westoftheEocky  Idaho 65,000,000 

Jionntains. 

Montana 130,600,000 

Utah 35,500,000 

Arizona 10,300,000 

Colorado 52,600,000 

Wyoming  and  Dakota 3, 100, 000 

Now  Mexico 4,600,000 

Total 1,907,500,000 

From  British  Colombia 31,200,000 

From  the  northwest  coast  of  Mexico 7, 400, 000 

Aggregate 1,046,100,000 

r^^^B^^t  ^7hS     "  ^^  extract  from  the  reports  of  the  British  consul  at  San 
BritiHh  consni  nt  Francisco  somo  of  the  observations  which  are  annexed  to 

San  Fianciaco. 

the  tabular  statements,  at  tlie  same  time  noting  the  fluctu- 
ations in  the  price  of  quicksilver,  as  they  are  of  great  im- 
portance in  the  milling  of  silver  ores,  not  only  in  the  United 
States  but  also  in  Mexico  and  South  America. 

Report  for  1872.  "  Report  foT  the  year  1872. — ^Wells,  Fargo,  &  Co.  Express 
forwarded  silver  to  the  value  of  $62,000,000,  and  as  it  may 
be  presumed  that  at  least  a  quarter  more  found  its  way  to 
San  Francisco  through  other  channels,  the  statisticians  do 
not  consider  $80,000,000  too  high  an  estimate  for  the  total 
bullion  yield  of  the  whole  country  west  of  the  Eocky 
Mountains.  The  largest  part  of  it,  however,  no  longer  comes 
from  California,  but  from  Nevada,  which  State  is  credited 
with  $25,500,000.  Comparatively  the  greatest  advance  was 
made  by  Utah  Territory,  whose  share  has  been  variously 
estimated  at  from  $4,000,000  to  $10,000,000,  while  the 
Washoe  Silver  Mines  still  remain  the  most  productive.  It 
is  worthy  of  note  that  the  gold  product  is  on  the  decrease, 
while  that  of  silver  is  on  the  increase.  The  quicksilver 
product  in  California  amounted  to  30,30G  flasks ;  the  price 
ranged  from  85  to  87^  cents  per  pound. 

Report  for  1874.  "  Report  for  the  year  1874.* — ^The  yield  of  the  mines  in  the 
various  States  and  Territories  is  larger  than  that  of  any 
preceding  year,  partly  in  consequence  of  the  extraordinary 
richness  of  many  veins,  partly  also  because,  the  rains  hav- 
ing been  early  and  plentiful,  mining  could  be  carried  on 
longer  than  usual.    The  returns  exceed  those  of  1873  by 


• 


No  rei)ort  baa  beeu  presented  for  the  year  1873. 
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$2,000,000,  and  those  of  1872  by  $12,000,000.    The  yield  ^^uiuonpr^n^ 
consisteJ  of  gold  dust  and  ingots  to  the  value  of  $26,358,776,  sute*. 
of  silver  ingots  (which,  however,  frequently  contain  one- 
quarter  part  gold)  to  the  value  of  $35,681,411,  and  of  argen-  n^wS'SiwinS 
tiferous  lead  ores  to  the  value  $12,360,868.    Utah  yields  ^  ^^^^*'** 
principally  argentiferous  lead ;  the  gold  yield  of  this  Ter- 
ritory in  1874  did  not  exceed  $100,000.    Colorado  ingots  con-    Reportfor  i874. 
tain  about  five-eighths  silver  and  three-eighths  gold.    The 
mines  of  California  (with  the  exception  of  the  Inyo  district) 
and  New  Mexico  yield  almost  exclusively  gold.    The  most 
important  event  was  the  discovery  towards  the  end  of  the 
year  of  an  ore  body  in  the  Comstock  Lode  which  appears 
to  surpass  all  former  discoveries  in  size  and  richness.    The 
yield  of  the  quicksilver  mines  was  34,154  flasks ;  the  price 
rose  from  $1.20  to  $1.55. 

"  Report  for  the  year  1875. — The  total  yield  for  this  year  Keportfori87&. 
may  be  estimated  at  $90,000,000 ;  for  besides  the  $80,880,037 
which  were  intrusted  to  Wells,  Fargo,  &  Co.  as  the  yield  of 
the  mines  in  the  States  and  Territories  lying  west  of  the 
Missouri,  ores,  gold  dust,  etc.,  were  exported  by  other  and 
private  means.  The  Nevada  (Comstock  Lode)  mines  yielded 
$5,000,000  more  than  in  the  preceding  year,  in  spite  of  the 
fire,  which  caused  a  suspension  of  work  for  many  months, 
and  therefore  the  assuinption  that  they  will  yield  $50,000,000 
in  1875  is  not  unfounded.  The  product  of  the  California 
quicksilver  mines  was  53,706  flasks.  At  the  end  of  the 
year  the  price  had  sunk  to  62J  cents  per  pound. 

^^  Report  for  the  year  1876. — Wells,  Fargo,  &  Co.  trans-  Reportfor  isrc. 
I)orted  $75,199,541  in  gold  and  fine  silver  ingots.  But  a  large 
amount  of  bullion  from  the  distant  mines  was  transmitted 
by  private  means  and  by  post  to  save  the  high  express  and 
insurance  rates,  and  the  base  bullion  was  sent  almost  with- 
out exception  as  freight.  The  sum  total  may  be  pretty  ac- 
curately estimated  at  $93,000,000.  In  consequence  of  the 
loss  which  the  mine  owners  met  with  through  the  deprecia- 
tion of  silver,  they  lowered  the  wages  of  the  miners.  The 
yield  of  the  quicksilver  mines  in  the  year  1876  was  unusu- 
ally lai*ge,  and  amounted  to  75,074  flasks.  This  increased 
produce  reduced  the  i)rice  of  quicksilver  to  55  cents  per 
X>ound. 

"  Reportfor  the  year  1877. — It  was  supposed  that  the  gold  Eeportforisr?. 
yield  tor  this  dry  year  had  been  as  poor  as  the  wheat  har- 
vest, as  water  is  almost  as  essential  for  mining  as  for  agri- 
culture. The  primitive  method  of  washing  the  gold  found 
on  the  surface  by  hand  (placer  mining),  now  falling  into 
disuse  and  undertaken  to  any  large  extent  only  by  the 
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o?*^tSr^cSt^  Chinese,  is  as  a  matter  of  course  dependent  ui)on  rain.  So, 
states.  too,  18  the  process  known  as  the  hydraulic  method,  in  which, 

hill-sides  are  disintegrated  and  strata  of  auriferous  gravel 
Bmilh'Smiiii  at  ^®  washcd  out.  Jets  of  water  issue  from  movable  nozzles 
San  Frandsoo.    of  Q  aud  10  inchcs  iu  diameter  under  tremendous  pressure 

towards  the  bank  which  is  to  be  demolished.  Tills  method 
Report  for  1877.  of  mining,  too,  must  suffer  from  a  dry  year,  although  the 

water-power  is  obtained  from  large  brooks  which  seldom 

run  dry.  Finally,  in  very  many  of  the  tunnel  mines  proper 
Apprehenaions  water  is  the  ouly  motivc  power  for  the  quartz  mills.    Iu 

owing  to  scarcity  v  *  * 

of  water.  couscquence  of  all  this,  the  natural  conclusion  was  that  the 

yield  for  1877  would  be  far  smaller  than  that  of  the  previous 
year.  This  apprehension  appears  the  more  warrantable, 
because,  during  the  year,  the  whole  list  of  mining  shares 
sunk  lower  and  remained  depreciated  longer  than  had  ever 

Depredation  of  before  been  the  case.  It  appears,  however,  as  if  there  were 
*  some  other  ground  for  this  continued  depreciation  of  the 

stock  besides  the  unproductiveness  of  the  mines,  aud  the 
reason  is  probably  to  be  found  in  the  fact  that  there  was  a 
great  lack  of  money  among  the  speculating  public  and  a 
consequent  inability  to  buy ;  for  if  the  newly-issued  reports 
are  in  any  way  to  be  credited,  the  bullion  yield  in  1877  was 
not  inferior  to  that  of  the  previous  year.  In  ('alifornia, 
New  Mexico,  Montana,  British  Columbia,  aud  Mexico  the 
total  yield  is,  to  be  sure,  somewhat  behind  that  of  187G,  but 
the  dift'erence  is  comparatively  small.  It  may,  therefore,  be 
concluded  that  the  loss  caused  by  scarcity  of  water  has 
been  made  good  by  the  discovery  of  new  mines  and  the 
enlargement  of  old  ones,  and  that,  had  it  not  been  for  this 
drawback,  the  yield  would  have  been  far  higher,  as  Kevada, 
Utah,  Arizona,  Oregon,  Washington,  Idaho,  Colorado,  and 
Dakota,  where  rain  and  snow  were  plentiful,  have  larger 
returns  to  show.  These  remarks  are  followed  in  the  report 
by  the  detailed  estimate  of  the  probable  yield,  amounting 
to  $94,42 i,7.'i4,  which  has  already  been  given.  The  quick- 
silver product  amounted  to  78,000  flasks.  In  consequence 
of  the  low  prices  the  production  of  many  of  the  mines  was 
intentionally  reduced.  A  combination  of  the  principal 
quicksilver  mining  companies  succeeded  in  bringing  the 
price  up  to  G2^  cents  for  a  short  time,  but  the  average  was 
about  42  cents  per  pound. 

saver  produc  "  Somo  data  respecting  the  silver  production  of  the  United 
States  have  already  been  given  in  connection  with  the  gold 

Up  to  1859  ro.  yield  for  the  same  period.  It  is  confessed  on  all  sides  that  up 
JmiSgS?^iA  *  to  the  year  1859  the  silver  yield  of  the  United  States  arose 

almost  exclusively  from  the  parting  of  gold,  and  was  of  very 
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small  iini)ortance.    Since  the  discovery  and  openiDg  of  tlie^»g^^|j|^ 
rich  silver  mines  of  ITevada,  however,  it  has  obtained  a^ute* 
mach  greater  importance,  especially  since  the  opening  of  the    Nevada  min*,. 
Comstock  Lode,  from  which  within  a  short  time  such  enor-    conuiockiodt 
mens  quantities  of  silver  have  been  produced  as  was  never 
before  known  since  the  best  dayu  of  the  mines  of  Pot^isi 
and  one  or  two  Mexican  mines.    The  silver  yield  of  the 
United  Status  seems  to  have  reached  its  maximntn  in  the 
years  1875-'77.    But  large  as  the  yield  really  was,  the  exag- 
geration usual  in  such  cases  va«  not  lacking.     For  this 
reason  there  was  a  frreat  variation  in  the  estimates.    This 
was  the  more  natural,  as  at  that  time  the  flactuations  in  the 
price  of  silver  and  the  extraordinary  reduction  of  the  same 
aroused  an  onusual  interest  in  the  sulyect. 

"The  board  of  commissioners  appointed  by  the  British  ^'^^I^^ 
Parliament  on  the  3d  of  March,  1879,  to  investigate  the)!»iioii  «>  th* 
cause  of  the  depreciation  of  silver,  give,  in  their  report  date<l  ati™  in  un.  vaiut 
July  3,  of  the  same  ye;tr,  a  detailed  account  of  the  develop- 
ment of  the  silver  produce  in  the  United  States,  and  espe- 
cially in  regard  to  the  years  1874-'76.  They  also  collected 
a  quantity  of  material  in  reference  to  this  subject,  which  is 
published  in  the  supplement  to  the  report.  The  yield  of 
several  individual  mines  of  the  Comstock  Lode  are  given  -, 
also  the  quotations  and  dividends  of  many  of  these  mining 
enterprises,  and  various  other  details  of  the  same  character. 
The  general  statistical  statements  which  were  submitted  to 
them,  however,  vary  very  much  from  one  another,  and  the 
eommissionera  were,  therefore,  unable  to  come  to  a  final 
decision  as  to  which  of  the  estimates  was  approximately  the 
most  correct.  Many  of  the  estimates  give  a  presumptive 
silver  yield  in  the  United  States  in  the  year  1876  of  about 
950,000,000.  There  was  an  equally  large  and  even  an  in- 
creasing yield  anticipated  until  a  correspondence  from  San 
Francisco,  which  was  published  in  the'Timcs,'put  an  end  to 
such  exaggerated  representations.  It  is  here  stated  with 
authority  that  the  silver  product  in  the  United  States  in  the 
year  187C  did  not  exceed  24,000,000  ounces  flue  silver  or 
(the  ounce  being  reckoned  at  tl.l5)  $27,600,000. 

"We  had  intended  limitiug  ourselves  to  the  brief  notes 
alreadv  given  in  reference  to  the  silver  produce  of  the  United 
States,  regardless  of  the  £:ct  that  so  great  a  mass  of  detailed 
reports  Ue  before  us  that  many  pages  might  be  filled  with 
them ;  a  decisive  reason  for  this  limitation,  however,  is  the  ^P^'  nP°" 
appearance  of  a  new  special  official  report  bearing  the  title »ryCoii«ni«»ion. 
*  Special  Beport  to  the  United  States  Monetary  Commission 
on  the  Beoeut  und  Prospective  Protluctiou  of  Silver  in  the 


I 
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•f^^Hhr^oStS^^^^^    States,  particularly  from   the   Gomstock  Lode,' 
State*.  Washington,  February  24, 1877.    This  treatise  is  to  be  found 

in  the  supplement  to  the  report  of  the  aforementione<l  Sil- 

Re^  o'  A.  ver  Commission  (vol.  1,  pp.  1  to  60),  which  appointed  Mr. 

Del  Mar  to  examine  into  the  bullion  product  at  its  source,  in 

order  to  do  away  with  the  universal  uncertainity  in  reganl 

to  the  amount  of  the  same. 

r^wvum^lthodi    "  ^^'  ^^^  ^^^  ^®^  explains  the  methods  for  estimating  the 

ann^T^^bSjion  ^"^"^^^  bulliou  yield  in  the  United  States  which  had  been 

yi<^id.  in  use  up  to  that  date.    The  <<  export  and  consumptions 

and^*  ^'^j^JJPJ^  method''  consisted  in  estimating  the  product  according  to 

tions"  method,    the  cxport  schcdules  and  the  amounts  which  had  been 

coined  during  the  year.  The  results  of  this  method  are, 
however,  most  imperfect  owing  to  the  notorious  untrust- 
worthiness  and  incompleteness  of  thc^  export  statistics. 
The**ezpreM"The  so-callcd  ^^cxprcss  method"  consists  in  the  estimates 
made  by  Mr.  Valentine,  sui>erintendent  of  Wells,  Fargo,  & 
Co.  Express,  of  the  bullion  {iroduce  of  the  mining  district 
west  of  the  Great  Salt  Lake,  which  is  transports  .  Imost 
exclusively  by  this  company.  The  ordinary  statements 
which  are  published  in  the  San  Francisco  papers  are  from 
this  source,  and  are  regarded  by  the  commercial  public  as 
being  more  approximately  accurate  than  the  discordant 
published  estimates ;  but,  on  the  other  hand,  tbe  objection  is 
raised  that  considerable  amounts  of  gold  dust  and  ingots 
are  brought  to  market  from  the  interior  without  the  express 
company  being  employed,  and  that  ores  which  frequently 
contain  bullion  are  usually  sent  as  ordinary  freight  by  rail, 
and  that,  therefore,  in  these  cases  Mr.  Valentine  is  unable 
to  do  more  than  merely  calculate  the  probabilities.  It  is 
also  very  possible  that  the  same  amount  may  be  twice 
stated,  which  would  <f  course  unduly  increase  the  estimate. 
Furthermore,  the  auriferous  silver  is  stated  simply  as  silver, 
and,  therefore,  in  the  declarations  which  have  heretofore 
been  made,  the  gold  product  is  put  down  at  too  low  a  figure 
and  the  silver  product  at  more  than  it  should  be. 
The  *' bank "  •i  The  ^  bank  method'  is  the  estimate  which  is  gained  fit>m 
a  combination  of  the  returns  of  three  banks  of  San  Fran- 
cisco, through  whose  hands  almost  the  entire  silver  product 
of  California  and  Nevada  is  put  upon  the  market  In  criti- 
cising this  method  it  was  pointed  out  that  it  would  be  pos- 
sible to  gain  a  trustworthy  estimate  of  the  bullion  yield  of 
the  United  States  in  this  way  if  all  the  assayers  were 
obliged  by  law  to  declare  the  results  of  their  assays  to  the 
Treasury,  as  all  the  gold  and  silver  obtained  in  the  United 
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States,  down  to  trifling  sums,  are  tested  for  their  alloy  ©ither  ^p«^^p^n^ 
in  the  mints  or  by  private  assayers.  stat«a 

*^  To  ascertain  the  bullion  yield  of  Nevada  the  '  assessor's  jj^®£JJ  °'  ^' 
method '  may  also  be  employed.  According  to  a  law  of  this 
State,  made  in  18G4,  a  yearly  tax  is  levied  on  the  mines  of  rv^^ietlSS^* 
about  1  per  cent,  of  the  amount  of  their  net  proceeds,  and 
as  a  clicck,  statements  of  the  gross  proceeds  must  be  made 
quarterly.  Mr.  Del  Mar  is  convinced  that  with  one  or  two 
trifling  exceptions,  such  as  the  omission  of  the  quarterly 
declaration  on  the  part  of  small  mining  enterpriser,  and  con- 
cerning the  reworking  of  ores,  the  estimates  of  the  bullion 
yield  of  Nevada  gained  in  this  way  may  be  regarded  as  ac- 
curate. 

^^  Mr.  Del  Mar  made  use  of  a  new  and  independent  method  senator  jonea 
of  valuation  suggested  to  him  by  Senator  Jones,  president 
of  the  Silver  Commission.  Mr.  Jones  has  large  mining  in- 
terests in  Nevada,  and  is  well  acquainted  with  the  state  of 
affairs  there.  This  method  consists  in  exti*acting  from  the 
bullion  books  of  the  various  mining  companies  their  output. 
There  are  certain  difficulties  connected  with  this  method : 
the  number  of  small  mining  enterprises  is  largo ;  the  fiscal 
year  of  the  various  companies  differs ;  and,  finally,  in  early 
days  the  gold  and  silver  yield  was  not  entered  separately 
upon  the  bullion  books  of  many  of  the  companies.  It  was 
possible  to  overcome  these  difficulties,  however,  though  not 
without  much  labor.  It  is  said,  to  the  credit  of  the  mining 
companies,  that  the  desired  information  was  always  given 
with  great  readiness,  and  the  tax-lists  of  Nevada  were  of 
service  in  supplementing  and  verif^ring  the  reports. 

"  On  account  of  the  insufficiency  of  time  and  assistance,  umitouS*?? the 
these  detailed  and  statistically  comprehensive  investigations  JJS^S"*  'ffi  ^ 
could  not  be  extended  to  any  extent  beyond  the  limits  of  tion. 
Nevada  up  to  the  date  of  publication.    That  State,  how- 
ever, furnishes  the  preponderating  part  of  the  entire  prod- 
uct.   For  the  present  only  the  returns  for  the  years  1871-^76 
have  been  given.    The  necessary  material  for  the  reports  of 
the  preceding  years,  1861-'70,  has  already  been  extracted 
fh>m  the  bullion  books,  but  not  yet  worked  up.    This  will, 
however,  be  done  subsequently. 
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o^'ttT^uSSS     "^^  resolts  of  Mr.  Del  Mar's  investigations  are  as  fol- 

sutM.  lows: 


Beralt  of  Del 
Kar's  investlga- 
tion. 


Gold  and  silver 
product  of  the 
United  SUtos. 


1871-1872. 


1878-1874. 


1875-1878. 


un. 

187S. 

Districts. 

Gold 
product. 

1 

saver 
product. 

Gold 
product. 

SilTsr 
product. 

Comstock  Lodo 

tA.<y77.427 
1.485^007 

$8,230,567 
7,880.784 

$8,810,035 
2,142,730 

$6,812,00 
0^053,884 

Oth<^r  mines  in  N^ovfids     .,.,...... 

Whole  of  Neyada 

6,562,434 

14,111.351 
4,000.000 

8,452,785 

18.586,577 
2,000,000 

Remainder  of  the  United  States . . . 

Entire  silver  product 

18,111,851 

18,586,577 

1878. 

1874. 

ComstockLode 

Othflr  miitM  in  Nerads   r , , .  t 

10,408.758 
2.878,480 

11,037,020 
8,001.440 

12,570,825 
1.850,202 

11,881.000 
8,521,882 

Whole  of  Nevada 

13.172.225 

10,131,400 
8,000,000 

14.230,027 

15^402,882 

Bemainder  of  the  United  States  . . . 

10,000,000 

Total  silver  nrodnct 

25,181,480 

1 

25^402,882 

1 

1875. 

1878. 

Comstock  Lode 

Other  mines  in  Nevada 

11.730,878 
2,258,818 

14,402,850 
8,717,838 

18,002.008 
1,837,706 

20,670,078 
7,482,752 

Whole  of  Nevada 

Bemainder  of  the  United  States 

13,808,401 

21.200,088 
0.000.000 

10,840^704 

28.082,830 
10. 151. 520 

Total  silver  prodact 

80,200.088 

38,184,350 

of^Sr^'u^s?^"?     "  ^^^  silver  prodact  in  the  United  States  (with  the  excep- 
coptingNevada) :  tion  of  Nevada)  is  given  for  1876  as  follows : 

Utah $3,351,520 

Colorado 3,000,000 

California 1,800,000 

Arizona 500,000 

Montana 800,000 

Idaho 300,000 

New  Mexico 400,000 


Total,  about 10,151,520 

K«a«>n  forgiv-     "  The  bnllion  yield  in  the  United  States  is  of  such  impor- 

ing  a  variety  of  .  *^ 

statements  and  tanco  that  it  has  been  considered  best  to  edve  in  detail  the 

autboritlea.  ^ 

pnncipal  estimates  and  valnations,  however  mnch  they  may 
differ  from  one  another.  From  this  material  any  one  who 
takes  an  interest  in  the  matter  can  form  his  own  opinion  on 
the  sabject. 
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BZCAPITULATIOM.  Bull  ion  prod  an 


O.W0  1,110, 000 

«,vao  31,320,000 

11.000  H.IM.OOO 

904,eoO  101, 061, 000 


TOTAL  TULD. 


1811-7S  ..     [is  2,0:0,100 1 ^<B^,Bl<^ooe i 

"  The  above  table  gives  ia  German  money  and  metrical 
weight,  the  estimates  which  we  ourac Ives  consider  the  most 
accnrate." 

JAMES  D.  HAGUE, 
Additional  Commissioner. 
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( Bztncto  firam  the  Official  ClMsifloatioii.  J 
CLASS  64.— MACHINES  AND  APPARATUS  IN  GENERAL. 


Steam-engineB,  boilers,  steam-generatora,  and  apparatus  pertaining  thereto. 
Apparatus  for  condensing  steam. 

Machines  set  in  motion  by  the  evaporation  of  ether^  chloroform,  ammonia^  or  by 
oombiuation  of  gases. 
Machines  set  in  motion  by  gas,  hot  air,  and  compressed  air. 
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REPORT 

ON 

STEAM  AND  GAS  ENGINES. 


The  machiDery  showu  at  the  Exposition  of  1878  did  not   No  engiDee  of 
exhibit  many  valuable  improvements  or  new  features  injS^ld"^'^ 
that  department.     Indeed,  it  was  hardly  to  be  expected 
that  in  the  short  space  of  eighteen  months  after  the  closing 
of  the  Centennial  Exhibition  much  progress  could  have 
been  made.    The  writer,  deeming  it  an  injury  rather  than  a 
benefit  tx>  cumber  reports  and  public  documents  with  de- 
scriptions of  work  shown  at  previously  held  exhibitions,  and 
already  described,  determined,  as  far  as  possible,  to  report  ^^a^^^^p*  J? 
only  upon  new  features  shown  for  the  first  time.    This  plan  to  new  fcatnrM 
did  not  lessen  the  labor  or  diminish  the  time  spent  in  ex- 
amining the  machinery  exhibits,  and  in  many  if  not  in  a 
majority  of  cases  the  time  and  labor  so  expended  failed  to 
reveal  anything  which  could  be  reported  upon  as  new. 
Great  difficulty  was  experienced  in  the  endeavor  to  procure   DUBcaity  inob- 
descriptions,  drawings,  and  information  relating  to  ma- infon£ition. 
chinery  sought  to  be  examined.    Although  cards  were  pro- 
vided and  left  at  the  stands  of  exhibitors,  explaining  their 
object  and  requesting  reports  in  its  aid,  the  responses  were 
very  few  indeed,  aud  frequent  calls  failed  to  secure  inter- 
views with  piincipals  or  with  i>erson8  in  charge  capable  of 
assisting  in  an  examiDation.    Had  the  Additional  Commis- 
sioners been  able  to  award  medals  or  prizes,  no  doubt  they 
would  have  been  as  fully  supplied  by  exhibitors  with  infor- 
mation as  were  the  members  of  the  International  Jury. 

Among  the  assignments  made  for  report  were  steam  and 
gas  engines  and  special  machinery.    Before  entering  upon  Report  on 

descriptions,  a  review  of  the  practice  followed  by  builders  fn^n«». 
of  machinery  of  different  nations  in  general  styles,  details 
of  construction,  use  of  devices,  etc.,  may  be  valuable. 

FrdMiug,  Framing 

It  was  almost  universally  found  that  designers  had,  with 
more  or  less  fidelity,  followed  the  American,  or,  as  generally 
known,  the  Corliss  patterns  for  beds,  carrying  in  small  en-    corUastype. 
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Report  on  parts  gii^QQ  the  Cylinder  overhung  at  one  end  and  the  main  shaft 

of  engxne*.  o  »y  o 

bearing  at  the  other.  In  some  cases  the  whole  rested  on 
pedestals,  one  of  which  wsis  under  and  8upx>orted  the  cyl- 
inder. Whether  of  the  Corliss,  box,  or  other  type,  all  for 
horizontal  engines  were  plain,  usually  with  rounded  comers 
and  without  paneling  or  molding.  The  columns  of  some  of 
the  vertical  steam-engines  were  fluted  and  ornamented.  In 
one  or  two  cases  one  large  column  carried  the  beam  and  the 
Framing.  entablature  exteiiding  over  the  cylinder,  to  sustain  the 
usual  parallel  motions.  In  most  of  the  vertical  and  beam 
engiues  exhibited  four  or  more  columns  are  used  to  carry 
the  gudgeon-bearings  and  light  framing. 

Crank  shafts  Crank  slujfts  and  jotmuils. 

and  Joamalit. 

Wrought-iron  shafts,  with  cranks  keyed  on,  were  used  for 
single-cylinder  engines,  one  journal  on  the  bed-plate,  the 
other  or  outer  bearing  in  a  separate  pillow-block.  In  twin 
and  in  double  cylinder  engines,  when  attachments  are  to  be 
made  outside  of  the  connecting-shaft,  bent  cranks  were 
used  in  the  smaller  sizes,  and  in  some  of  the  larger  class 
cranks  were  keyed  to  the  shafts,  and  the  crank-pin  was  fixed 
in  one  crank  and  free  in  the  other ;  but  the  majority  of  such 
engines  had  solid  double-throw  crank-shafts  of  the  marine 
type,  which  is  decidedly  the  best  practice. 

In  many  cases,  even  among  the  l^est  engines  at  the  Ex- 
position, the  journ  Is  of  crank-shafts  were  too  small  in  di- 
ameter and  length ;  several  required  extra  attention  and 
care  to  keep  them  cool  and  prevent  cutting. 

In  most  of  the  engiues,  perhaps  in  all  having  modem 
beds,  the  pillow-block  was  cast  to  the  frame.  A  few  had 
Babbit  or  soft  metal  run  in  cast  iron,  but  by  far  the  greatest 
number  used  brsiss  or  gun-metal  bearings.  These  were  ad- 
justable to  take  up  wear  in  various  ways.  Most  of  them  were 
MoJesof ac\ju»t.  divided  in  two  horizontal  planes,  the  side  brasses  set  up  by 

mpnt.  M.      w 

wedges  on  each  side,  operated  by  screws  or  by  set  screws, 
the  caps  generally  bolted  dead,  and  having  lips  or  flanges 
well  fitted  over  the  outside  of  the  columns  of  the  pillow- 
blocks.  In  some  cases  the  wedges  were  only  plaoed  on  the 
side  farthest  from  the  cylinder,  so  tliat  the  wear  of  the  con- 
necting-rod and  bearing-brasses  could  be  taken  up  in  oppo- 
site directions.  There  were  instances  of  a  division  of  the 
bearing  into  two  equal  parts,  in  a  vertical  plane  in  some 
and  a  horizontal  plane  in  others.  Here  there  is  adjustment 
in  but  one  direction.    The  practice  first  above  noted  is 
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clearly  the  best.    Outer  bearings  generally  had  only  ver-  j^^^j»p<"^ 
tical  adjustments,  that  is,  the  brasses  were  divided  in  a  hori- 
zontal plane  through  th*^  center  of  the  shaft,  which  is  quite 
sulOBcient    Caps  were  held  down  by  four  bolts  in  all  the    ^*^s»- 
engines  exhibited,  except  in  the  French  Corliss  and  in  the 
small  English  engines. 

Connecting-rods.  rwu.^^^^^^' 

The  beam-engines  were  fitted  generally  with  cast-iron 
connecting  rods  somewhat  ornamental  in  design.  For  hori- 
zontal  engines  the  prevailing  style  was  wrought  iron,  gen- 
erally round,  occasionally  flattened.  A  few  firms  made  their 
rods  largest  in  diameter  at  the  crank  end.  Various  plans 
were  shown  of  inserting  the  crank-pin  and  cross-head 
brasses,  but  nothing  that  was  new.  While  a  number  of  the 
exhibitors  used  the  form  of  marine-ended  connecting-rod — 
that  is,  rods  in  which  the  adjustment  for  wear  is  made  by 
bolts  placed  directly  in  the  line  of  pull — by  far  the  greatest 
number  used  open-ended  jaws,  the  brass  held  in  place  and 
the  wear  taken  up  by  a  taper  key  between  the  brasses  and 
a  gib.  In  some  cases  the  wear  was  taken  up  in  opposite 
directions,  so  as  not  to  alter  the  length  of  the  rod,  and  the 
key  was  held  in  place  sometimes  by  double  nuts,  generally, 
however,  by  a  set  screw  through  the  side  of  the  block. 

Guides.  Onidei. 

Some  of  the  engines  exhibited  worked  the  cross  heads  on 
"narrow  double-bar  slides,  insufficient  in  bearing  surface.  A 
number  had  cylindrical  bearings,  that  is,  bored  in  the  bed, 
of  course  in  line  with  the  cylinder;  and  the  constraint  of 
the  connecting-rod  was  regarded  as  sufficient  to  prevent  the 
piston-rod  from  turning.  Others  had  V-8hai)ed  guides. 
The  best  in  practice  was  found  among  those  which  used  a 
flat  bearing,  somewhat  in  the  style  of  marine  engines,  wide 
and  large.  The  cross-heads  were  arranged  with  bearing 
pieces  suitable  to  the  form  of  guide  adopted,  and  the  wear 
taken  up  by  some  form  of  wedge  or  screws. 

Valves.  v..ive* 

The  engines  in  the  Exposition  showed  a  considerable  va- 
riety in  the  form  of  steam-distribution  valves.  Although 
many  attempts  have  been  made  to  supersede  the  common 
slide-valve,  it  seems  still  to  retain  its  hold,  and  was  used  in 
various  forms  by  more  than  one-half  of  the  buililers  repre- 
sented at  the  Exposition  5  double-beat  valves,  Corliss  valves, 
and  a  few  of  piston  form  were  used  by  the  remainder.    In 


368 


UNIVERSAL   EXPOSITION    AT  PARIS,  1878. 


Report  on  partt^  cases  of  slidc-valve  engines,  except  of  very  small  ones, 
some  arrangement  for  cat-off,  by  the  nse  of  an  additional 
slide,  was  adopted ;  while  in  but  few  cases  did  the  plan  ob- 
tain of  dividing  the  valve  in  two  parts,  that  is,  placing  a 

Valves.  valve  at  each  end  of  the  cylinder,  so  as  to  reduce  the  i>ort 

contents,  or  distance  from  the  under  face  of  the  valve  to  the 
cylinder,  the  advantage  of  which  arrangement  is  apparent 
and  would  be  considerable. 

There  were  several  instances  in  which  an  additional  valve 
on  the  back  of  the  main  slide  had  some  form  of  trigger  re- 

ExpMisioiL  lease  for  working  expansion,  which,  controlled  by  a  governor, 
can  close  suddenly,  while  some  few  others  used  four  separate 

sude-vaiveft.  slldcs — two  for  admissiou  and  two  for  exhaust — placed  at  the 
ends  of  the  cylinder.  Some  of  the  compound  engines  had 
a  single  slide  for  both  cylinders.  There  were  some  examples 
of  receiving-valves,  double-beat,  above  the  cylinder,  with 
slide-valves  for  their  exhaust  placed  below  the  cylinder. 

The  double-beat  valves  were  of  the  ordinary  form  and  do 
not  require  special  description.  The  almost  universal  prac- 
tice in  horizontal  engines  is  to  place  at  least  the  exhaust- 
valves  underneath  the  cylinder,  in  oider  to  allow  a  ready 
escape  for  water,  the  receiving-valves  being  on  top  of  the 
cylinder ;  but  there  were  examples  where  all  four  of  the 
valves  were  below  the  cylinder  or  were  arranged  on  its  side. 
In  engines  having  Corliss  valves  the  usual  arrangement 
was  maintained  of  placing  the  valves  above  and  below  the 
cylinder. 

In  Mr.  Wheelock's  engine,  elsewhere  described,  all  the* 
valves  are  below  the  cylinder.    The  instances  of  the  use  of 
piston-valves  were  not  such  as  to  merit  notice. 

vaive.gea«.  Valve-gears. 

Quite  a  large  variety  of  valve  movements  were  found,  the 
most  attractive  ones  designed  in  some  way  to  produce  a  per- 
Antomatio  fectly  automatic,  variable  cut-off,  as  the  load  should  require. 
variable  cniroff.  j^  ^^^^^  |^  sccms  that  amoug  Continental  and  English  manu- 
facturers this  point  receives  more  attention  than  any  other 
feature  of  their  engines. 

Many  novel  methods  are  in  use,  but  all  those  using  piston 
or  double-beat  valves  employ  some  arrangement  for  tripper- 
gearing,  by  the  introduction  of  a  detent,  or  the  alteration  of 
the  position  of  a  wedge  or  incline.  In  some  cases  the  motion 
is  taken  from  the  pitman,  but  generally  from  an  eccentric 
on  the  main  shaft  or  on  a  lay  shaft  alongside,  the  governor 
controlling  the  position  of  tiie  device  for  determining  the 
point  of  cut-off. 
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Several  automatic  cat-off  arrangemeuts  are  in  use  with  q/fjJJJIiJ"^*^ 
slide-valve  engines,  bat  the  larger  portion  of  diem  have  some 
form  of  extra  slide-valve,  whose  position  is  determined  by 
right  and  left  screws,  the  screw-shaft  being  rotated  by  the 
governor.  Either  this  arrangement  or  something  its  me- 
chanical equivalent  covers  all,  excepting  those  where  the  Cufroff  valves. 
well-known  Eider  gear  is  used  and  some  half-dozen  cases 
where  the  governor  rotated  an  eccentric  which  varied  the 
point  of  closure. 


The  Wheelock  steam  engine.  suam-mtginsi. 

The  automatic  cut-off  engine  exhibited  by  Jerome  Whee-  eteMn-eSSSe*^'' 
lock,  of  Worcester,  Mass.,  attracted,  and  deservedly  re- 
ceived, marked  attention.  It  furnished  power  to  operate 
the  machinery  in  the  department  of  the  United  States  and 
in  the  sections  of  Sweden  and  Norway.  The  simplicity  and 
economy  of  this  engine  and  its  excellent x>erformance  secured 
for  it  the  award  of  a  grand  prize,  after  a  thorough  and  ex-  onnd  prise, 
haustive  examination  by  the  International  Jury. 

The  peculiarities  of  this  engine  are  a  reduction  to  the  Deecriptiim. 
simplest  expression  of  the  instantaneous  cut-off  valve,  which 
forms  the  chief  feature  in  the  modem  first-class  engine. 
Side  and  sectional  views  of  the  cylinder  are  shown.  Instead 
of  four  ports  this  engine  has  but  two,  one  at  each  end  of  the 
cylinder,  directly  underneath  it.  TSiere  is  at  each  end  of 
the  cylinder,  close  behind  the  port,  one  main  and  one  cut-off 
valve,  views  of  which  are  shown  in  Figs.  1  and  2.  Each 
main  valve  has  a  cavity  for  exhaust,  is  slightly  conical  in 
shape,  and  is  carried  in  hardened-steel  bushes  on  hardened- 
steel  trunnions.    These  parts  are  shown  detached  in  Fig.  3. 

Behind  the  small  chest  in  which  each  main  valve  slides  is 
a  cut-off  valve  having  double  ports  to  provide  for  quick  ad- 
mission of  steam.  These  are  also  conical  and  carried  in  the 
same  wa^-  that  the  main  valves  are.  The  steel  bush  is  so 
adjusted  that  the  valves  are  held  back  sufiiciently  to  pre- 
vent contact  between  the  sliding  surfaces,  thus  transferring 
the  slight  wear  to  the  gudgeons  and  bushes,  which  would 
be  inconsiderable  in  very  long  service.  The  cut-off  valves 
are  released  by  the  action  of  the  governor,  and  are  closed  by 
weights  falling  in  dash-pots. 

Mr.Wheelock'sarrangementnotonlyredacesthedearance     B«diiotkm  of 
to  a  minimum,  but  guards  against  a  trouble  found  in  four-  ^ 
port  cylinders,  in  a  waste  of  steam  through  the  exhaust-port 
if  there  be  a  leakage  in  the  cut-off  valve. 
24  p  R ^VOL  4 
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'^  Tlie  mechanism  for  moving  the  valves  is  ezoeedingly  sim- 
ple and  effective,  easily  gotten  at,  and  not  liable  to  exoeasive 
wear. 

The  packing-rings  area  novelty, being  self-adjosting seg- 
mental lap-joint  rings,  making  an  efltetive  and  tight  piston. 
This  was  demonstrated  on  several  occasions  by  remoTing 
the  cylinder-head  and  operating  the  engine  with  the  cylin- 
der open. 

The  Wbeelock  engine  exhibits  carefiil  study  of  detail,  ja- 
dicious  proportion,  and  sound  execution. 

The  dimensions  of  the  engine  exhibited  were  as  follows: 
Diameter  of  uylinder,  17  in. ;  length  of  stroke,  48  in.  j  diame- 
ter of  dy-wheel,  14  tL ;  width  of  face,  25  in. ;  average  steam 
pressuie,  GO  lbs.;  revolntions  per  miunte,  62;  estimated 
horse-power,  125. 

Whsilockb'  BxQim. 


Tia.  3. — Sidt  vioD  of  cgHwdtr,  ihotdaj  tw^wfatr*. 
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PotcelPa  gteam-enffine.  ^™*i  "t™™ 

Messrs.  T.  &  T.  Powell,  of  Rouen,  exhibited  a  Woolf  en- 
gine (Plate  I),  hanng  a  variable  cnt-off  controlled  by  the 
goTernor.    Vertical  oompoand  engines  had  been  exhibited    wooif  tnw- 
by  this  flnn  previously  to  the  year  1878,  but  only  with  the 
ordinaiy  lap-valve  cut-off. 

The  use  of  a  variable  cut-off  is  of  recent  date  with  them,  ,u^^^  v»ri»bi 
and  is  on  the  Coney  system,  and  the  following  ia  a  descrip- 
tion of  the  mechanism  employed :  The  ordinary  arrange- 
ment of  valve-chests  for  Woolf  engines  is  reteined ;  the 
steam  comes  direcf^from  the  boilerintothejachet surround- 
ing the  two  cyKnders,  and  thence  to  the  valve-chest  of  the 
amall  cylinder.  The  small  valve  a,  which  is  moved  by  a  DMcriptio. 
triangular  eooeutric,  presents  two  parallel  flat  faces,  of 
which  the  inner  &ce,  which  slides  on  the  valve-face  of  the 
small  cylinder,  is  formed  like  an  ordinary  valve.  Two  rec- 
tangular ports  open  into  the  outer  face,  the  dimensions  of 
which  correspond  to  the  sectional  area  of  steam-pori:  un- 
covered by  the  inner  face.  Two  expansion-slides,  h  b,  work 
on  the  back  of  the  valve,  and  are  fixed  in  two  rods,  o  c, 
each  of  which  passes  through  a  stnfflng-boz. 

The  diameter  of  the  slide-rods  is  calculated  so  that  the  h<^'" 
pressure  of  the  steam  on  the  upper  extremity  of  each  rod, 
plus  the  weight  of  the  rod,  may  be  greater  than  the  ftio- 
tionol  resistance  of  the  slides  and  of  the  packing  in  the 
stnfBng-boxes ;  by  this  means  the  slide-rods,  with  the  slides, 
foil  as  soon  as  they  ore  set  at  liberty,  and  the  employment 
of  springs  or  counter-weights  fbr  enibrcing  their  descent  is 
rendered  nnnecessary.  Each  slide-rod  is  formed  with  a 
small  piston  below  the  stuffing-box,  which  plays  in  an  air- 
cylinder,  ee,  and  when  the  rod  falls  suddenly  the  air  is 
compressed  under  the  pistons,  and  shocks  are  obviated. 
The  valve-rods  ee  are  moved  by  two  eccentrics,  //,  con- 
nected to  two  cylindrical  rods,  g  g,  which  work  in  guides 
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enctae^"  ****"*  fixecl  iipoii  the  columu  and  move  within  two  wroaght-iron 
pieces,  h  A,  which  carry  the  trigger,  and  are  cottered  to  the 
lower  ends  of  the  slide  rods.  The  apper  end  of  each  of  the 
rods  ^^  is  for  a  short  length  reduced  in  the  lathe,  bemg 
chucked  eccentrically,  so  as  to  form  a  crescent-shaped  shoul- 
der, jj  at  one  side  of  the  rod.  (See  Figs.  6  and  7  in  plate.) 
Description.  This  part  is  of  hardened  steel.  The  other  piece,  t,  of 
hardened  steel  engages  in  the  square  oi)ening  of  the  pieces 
h  /t,  and  can  be  displaced  horizontally  by  an  amount  equal 
to  the  shouldering  on  the  rods  gg  on  being  acted  upon  by 
the  crank  and  articulated  lever  Jc  (Fig.  5).  The  piece  i 
is  traversed  by  the  upper  end  of  the  rod  g^  and  the  open- 
ing through  it  is  of  a  circular  form,  so  that  it  applies  ex- 
actly to  a  semi -circumference  of  the  rod,  with  which  it  is 
maintained  in  conta<5t  by  a  spring,  L  When  one  of  the 
eccentrics  is  at  the  bottom  of  its  stroke  the  slide-rod  in 
'  connection  with  it  rests  on  an  india-rubber  washer  at  the 

bottom  of  the  air-cylinder.  The  port  is  closed  by  the  slide, 
and  the  shoulder  j  of  the  rod  g  has  then  fallen  about 
one-eighth  of  an  inch,  so  as  to  permit  the  piece  i  to  settle 
itself  properly  upon  the  shoulder  of  the  rod,  being  pushed 
thereto  by  the  spring  (as  shown  in  Fig.  6,  Plate  I). 

When  the  movement  is  commenced,  the  eccentric  pushes 
the  shoulder  of  the  rod  against  the  piece  »,  the  slide  is 
raised,  the  port  is  uncovered,  and  the  crank-lever  h  is 
raised ;  at  the  same  time  it  carries  a  steel  piece  terminated 
by  a  knife-edge,  m.  At  any  given  point  of  the  stroke  the 
knife-edge  m  may  be  brought  into  contact  with  one  of  the 
cast-iron  cams  n  (Fig.  2),  and  the  eccentric  continuing  its 
movement,  the  lower  end  of  the  lever  Jc  will  describe  on 
its  pivot  a  small  arc  of  a  circle  and  will  push  the  piece  t 
off  the  shoulder  of  the  rod  against  the  action  of  the  spring. 
The  slide  and  its  rod  are  thus  set  free,  and  by  the  pressure 
of  the  steam  it  is  suddenly  pushed  downward  and  the  x>ort 
is  closed.  The  position  of  the  cam  n  is  determined  by  the 
action  of  the  governor,  and  the  knife-edge  m  coines  in  con- 
tact with  the  cam  n  earlier  or  later  to  firee  the  expansion- 
slide. 


Coiimaim's  CoUmann^s  variable  exhaust  stsam-engine. 

steom-engino. 

An  engine  exhibited  by  A.  Collmann,  of  Vienna,  Austria, 
showed  an  ingenious  arrangement  of  valve-gear,  differing 
from  the  usual  system  of  cat<5hes  and  pawls  adopted  by  the 
imitators  of  Corliss.  The  valves  for  the  admission  of  steam 
are  caused  to  operate  by  means  of  the  combination  of  two 


==4 
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Fia.  5. — CoIInMini's  variable  fxianMt  itam-nrffnr.    (TVoanvrw  leeiiMi) 

^^^^'x  motious,  one  of  whiult,  taken  from  the  main  shaft  tfaroagh 
niiter-wlieelij,  is  constUDl,  white  the  other,  taljeiiAtim  a  gov- 
ernor, is  variable.  Referring  to  the  cut,  Fig.  4,  a  coustant 
motion  18  communicutetl  through  a  lever,  a,  to  the  lowei' 
end  of  a  toggle,  b,  the  other  ead  of  n'bicli  attaches  to  anil 
0]ierate8  the  valve-atein  c. 

iptiuD.  The  variable  motion  from  tlie  governor  controls  the  dura- 
tion of  admission  of  steam  into  the  cylinder,  being  com- 
municated to  the  toggle  by  a  rod,  d,  one  end  of  whicli 
attaches  to  the  toggle  and  the  other  to  a  slide,  e,  carried 
on  au  arm,/,  worked  by  the  iwsitive  motion,  the  imsitiou 
of  which  slide  on  the  arm  is  regulated  by  tbe  actiou  of  the 
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governor,  through  the  rod  flf,  the  arm  A,  and  the  rod  ♦^gteamS^nS*^* 
and  the  resultant  motion  gives  a  determined  movement, 
which  raises  and  lowers  the  steam- valve  for  all  degrees  of 
cut-oft'.  The  valve  is  never  allowed  to  drop,  but  is  quickly 
raised  and  quickly  lowered.  The  exhaust-valve  may  be 
operated  in  any  convenient  manner. 


Winterthur  (Stoisa)  condensing  steam-engine. 

A  horizontal  condensing  engine  (Plate  2)  exhibited  by  the 
Swiss  Locomotive  and  Engine  Works  of  Winterthur  pre- 
sented an  appearance  of  excellent  workmanship,  which  en- 
titled it  to  rank  among  the  best  exhibits  of  steam-engines. 

The  framing  or  bed-plate  is  Y-shaped,  the  cylinder  being 
attached  to  the  single  arm,  the  others  each  carrying  a  shaft- 
bearing,  the  whole  resting  on  two  pedestals,  one  under  the 
cylinder,  the  other  transversely  under  the  shaft-bearings. 
The  cross-head  bearings  are  large  and  cylindrical,  being 
bored  out  true  with  the  cylinder.  The  piston-rod  is  pro- 
longed through  the  cylinder-head,  the  end  carried  on  a  flat 
slide,  and  also  connecting  to  a  double  bell-crank  lever, 
which  drives  the  air-pumps,  which,  with  the  condenser,  are 
placed  below  the  top  of  the  foundation  on  which  the  bed- 
plate pedestals  rest.  The  crank  is  formed  of  two  cast-iron 
disks,  with  counter- weights,  connected  together  by  a  heavy 
wiist-pin.  The  peculiar  feature  of  this  engine  is  its  receiv- 
ing-valve gear,  the  movement  for  which  is  obtained  from  a 
pin,  a,  fixed  to  the  connecting-rod  near  its  center,  and  caus- 
ing the  lower  end  of  a  vertical  lever,  6,  to  travel  in  an  oval 
curve ;  the  upx)er  end  of  the  vertical  rod  attaches  to  a  par- 
allel motion,  the  stationary  points  of  which  are  carried  by 
a  plate,  e,  susceptible  of  partial  rotation  by  the  governor. 
When  the  governor  is  at  its  lowest  point  the  plate  and  the 
stationary  point  of  the  parallel-motion  levers  lie  in  an  ob- 
lique plane  to  the  oscillation  of  the  vertical  lever,  and  con- 
sequently a  point  below  the  fulcrum  of  said  vertical  lever 
travels  longitudinally  a  desired  distance,  due  to  the  angle 
of  the  plate.  As  the  governor-balls  rise,  the  plate  is  rotated 
to  a  horizontal  plane;  the  fulcrum  of  the  vertical  roil  receives 
a  nearly  vertical  motion  only,  as  does  also  the  point  below 
the  fulcrum.  To  this  point  is  attached  a  horizontal  rod  com- 
municating its  motion  to  the  valve-lifters,  so  that  when  the 
plate  is  in  its  horizontal  position  the  lift  of  the  valves  is 
slight,  and  consequent  an  early  closure  obtains;  but  with 
the  plate  in  its  oblique  position  a  larger  lateral  movement 
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dSsiM*'' 8t«m*-  *®  driven  to  the  horizoutal  rod,  an  increased  lift  of  valve, 
rapine.  and  consequently  later  closnre.    The  valves  are  doable-beat 

flat-surfac^e  bearings,  held  down  by  springs  \rhich  compel 
the  valve  to  maintain  equal  descent  with  the  lifter,  and  so 
prevent  shock  in  seating.  The  exhaust-valves  are  similar; 
placed  beneath  the  cylinder,  and  operated  by  au  ordinaiy 
eccentric  on  the  shaft.  The  cylinder  is  Rteam-jackcted,  and 
the  work  throughout  is  well  and  neatly  done. 

Beer's  windin  Beev^s  ucinding  engine. 

engine.  jj^  ^j^j  Belgian  section  was  exhibited  a  winding  engine, 

by  M.  Beer,  a  well-iinishcd  piece  of  machinery  and  specially 
adapted  to  the  purpose  for  which  it  was  designed.  It  con- 
sisted of  two  cylinders,  21"  in  diameter,  48"  stroke,  i^esting 
on  sei)arate  box-section  bed-plates,  extending  under  the 
plummer-block  and  coupled  at  right  angles  to  one  shaft ;  on 
the  center  of  the  shaft  is  a  brake- wheel,  on  each  side  of  which 
is  a  rope-diTim.  In  this  engine  expansion  is  usexl  in  a  mod- 
erate degree,  controlled  by  a  governor,  and  yet  the  engine 
is  at  all  times  easily  handled. 
ditiMlsofawiSd-  '^'^^  followiug  cxtracts  contain  four  propositions  which 
inp  engine.  M.  Bccr  holds  to  bc  csscutial  and  necessary  in  a  winding 
engine : 

'^(1.)  The  valve  gear  must  be  snch  that,  in  ordinary  work,  the  eugine 
sb.all  run  ])roperly  witli  that  ratio  of  expansion  which  is  moat  couven- 
ient)  no  matter  what  the  presanro  of  steam  and  the  variation  in  resist- 
ance. 

**(2.)  The  cnt-oll'  must  be  suppressed  automatically  wheuevur  it  is 
necessary  to  handle  the  engine,  no  matt^^r  what  may  be  tbo  cages  in 
the  pits ;  that  is  to  say,  if  the  cages  have  to  bo  moved  through  wotlerate 
distances  up  or  down  when  in  the  pit,  the  cut-oft'  valve  must  at  such 
times  throw  itself  out  of  action. 

''(3.)  The  engine  must  work  without  expansion  when  men  are  being 
raised  or  lowered  in  the  pit. 

"(4.)  The  cut-otf  valve,  which  only  operates  when  the  engine  is 
working  regularly  in  winding  coal,  mnst  be  simple  and  eflicicut." 

Expansion  ap-  Thcsc  objcctij  are  secured  in  this  engine  by  the  use  of  a 
hy  Kovomor.  heavy  and  i)owerful  governor,  operating  a  pair  of  expansion- 
slides  on  the  back  of  the  main  valve,  which  arc  caused  to 
approach  to  or  recede  from  each  other  by  a  spindle  having 
a  light  and  left  thread,  and  operated  through  rack  and  pin- 
ion gear  directly  by  the  governor. 
^^Mwio  of  work,     fu  hoistiiig  a  load,  until  the  engine  attains  nearly  itn 

maximum  speed,  the  cut-off  valves  are  not  brought  into  play ; 
but  when  the  determined  speed  is  reached,  the  governor 
takes  the  control,  and,  by  revolving  the  spindle,  establishes 
the  desired  cutoii'  action,  which  is  so  maintained  during  the 
remainder  of  the  lift  by  [)roportioning  the  admission  of  steam 
to  the  load,  keeping  the  ascent  of  the  cage  at  a  fixed  velocity. 
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The  depth  of  pit  for  which  this  engine  is  designed  is  1,038  ^^bjjj]*  ^^^^g 
ft;  the  time  of  ascent,  GO  seconds;  namber  of  revolutions 
of  engine  48.7  per  minute.  A  flat  cable  is  used,  winding 
upon  itself  between  disks;  the  radius  of  the  smallest  coil  iSitJ^SSJn?  **' 
32".3,  and  of  the  largest  97",  making  a  compensation  for  ihe 
weight  of  the  cable.  In  hoisting  men,  necessarily  nt  a  low 
rate  of  speed,  the  governor  and  expansion  gear  do  not 
come  into  play,  the  entire  control  being  in  the  hands  of  the 
operator.  The  engine  is  fitted  with  a  stationary  link-motion 
for  reversing,  which  is  done  by  steam  in  an  auxiliary  cylin- 
der. A  small  steam-cylinder  is  also  used  for  applying  the 
brakes  to  the  brake-wheel,  the  brake-blocks  being  carried 
on  wrought-iron  inclined  levers,  coupled  together  by  long 
links.  The  working  pressure  of  steam  used  is  60  lbs.  to  the 
square  inch. 

Sulzer  Bros\  compound  condensing  steam-engine.  suiaerBroa'.oon- 

'^  ^  "  densing     steam- 

engine. 

The  compound  condensing  engine  of  Sulzer  Bros.,  Wiu- 
terthur,  Switzerland,  attracted  much  attention.  Its  cylin- 
ders are  11".81  and  22^.71  in  diameter,  respectively,  and 
35".43  stroke,  the  framing  of  the  Corliss  type. 

The  cylinders  are  placed  one  behind  the  other,  each  rest-    Deaoription. 
ing  on  its  own  foot-bracket  and  connected  together  by  a  dis- 
tance-piece. 

The  piston-rod  extends  through  and  runs  in  a  guide  be- 
yond the  large  cylinder,  driving  by  a  link  a  pair  of  pump- 
levers  which  work  an  air  and  feed  pump,  the  former  double- 
acting.    The  condenser  is  a  horizontal  cylindrical  vessel. 

The  valves  are  double-beat,  fitted  with  springs  and  dash-    voivca. 
pots,  the  receiving  placed  above  and  the  exhaust  below  the 
cylinders. 

The  novel  feature  of  this  engine  is  its  valve  gear.    A  long    vaivo-gcar 
shaft  parallel  to  the  axis  of  the  cylinder,  driven  by  miter- 
wheels  from  the  main  shaft,  drives  the  governor  and  carries 

'  ^  Grovernor 

four  eccentrics  for  operating  tne  valves  of  both  cylinders,  cut-oir. 
each  ecrcentric  moving  one  exhaust  and  one  receiving  valve. 
The  exhaust- valve  is  workcil  (see  accompanying  cut.  Fig,  G) 
by  a  rod,  driven  by  a  pin  in  the  eccentric-rod,  which  is  itself 
supported  by  a  gudgeon  in  a  rocking  arm.  As  the  eccentric 
revolves  the  end  of  its  rod  will  describe  a  peculiar  closed 
curve,  while  the  gudgeon  will  move  in  an  arc ;  but  the  gud- 
geon is  prolonged  at  the  other  side  of  the  eccentric-rod  and 
carries  a  rod  the  upper  end  of  which  is  jointed  to  an  arm 
under  which  is  the  lever  which  lifts  the  steam- valve.    As 


378  UNCVEBSAL    EXPOSITION   AT   PARIS,  1878, 

8>ii»erBni^j«OT.  {he  ecceutric  revolves  tiie  lower  end  of  the  mint;  rod  moves 
tunhK:  in  au  arc,  while  the  upper  end  rises  and  faUs  also  in  on  arc. 

Communication  is  effected  between  the  arms  by  a  detent, 
which  is  a  bell-crank  hung  looaely  on  a  pin  in  the  arm  where 
the  risiiig  rod  is  attached.  The  i-od  to  the  left  hand  is  con- 
trolled by  the  governor  through  a  system  of  bell -cranks. 


FlO.  G. — Suher  Brot',  compound  cowitntiHgiUnm-eiigiiit. 


in       Heiinann-LachapeU^a  korizontal  compound  condeiuing 
n-  steam-engine. 

J.  Hermann -Lachapelle,  of  Paris,  France,  exhibited  a  hori- 
zontal compound  condensiag  engine  (Fig.  7). 

As  iu  the  beam-engine  of  the  Woolf  system,  the  two  cyltD- 
ders  are  put  together  under  onecover  to  prepare  for  the  cir- 
culation of  8t«am,  and  the  two  pistons  work  together  in  the 
same  way.  A  single  slide-valve  in  a  chest  placed  below  the 
cylinders  governs  the  distribution  of  steam  tbr  both  cylin- 
ders, and  the  water  condensed  in  the  cylinder  is  thus  al 
lowed  to  flow  away  with  the  escape  of  steam,  and  so  avoid 
jars  frequently  occurring  AY>m  the  presence  of  water  in  the 
cylinders ;  and  but  one  eccentric,  one  eccentric-rod,  and  one 
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valve-rod  are  reqnirecl.    The  slide-valve  Ib  balaaced  and  a  ^ 

cutoff  varies  the  admisfflon  of  steam  into  the  Bmall  cylinder  ^^njt    "i™- 
from  a  miaimam  to  eight-tenths  of  its  stroke,  Trhile  in  the 
large  cylinder  steam  is  nnifonnly  allowed  for  eight-tenths  of 


its  stroke.  The  two  piston-rods  are  attached  to  one  croes- 
head  carried  on  slides,  and  a  forked  connecting-rod  transmits 
the  snm  of  the  effect  of  hoth  pistons  to  the  crank. 

The  shaft  is  larger  than  ordinary  roles  require,  and  tnms 
in  large  pillov-blocks  Uned  with  bronze. 


380  UNIVERSAL   EXPOSITION  AT   PARIS,  187a 

LaohBpdi??^'.     ^  simple  and  efficient  governor  is  employed.    The  air 
tofldng    steam,  and  feed  pumps  are  in  tbe  same  line  as  the  cylinders  at  the 

other  end  from  tbe  shaft,  and  their  plungers  are  on  the  pro- 
longation of  the  two  steam  piston-rods,  an  arrangement 
avoiding  the  necessity  for  a  beam,  crank,  or  other  device  to 
transmit  movement  to  the  pumps.  A  box  bed-frame  of 
Corliss  design  gives  good  finish  and  appearance  to  these 
engines. 


Brotherhood  Brotherkood  engine. 

steam-engino. 

A  new  form  of  Brotherhood  engine  was  exhibited  by 

Fiaud&cohen- Messrs.  Flaud  &  Cohendet,  of  Paris — a  vertical  compound 

Compound  en-  cuginc  witli  two  singlc-actiug  cylinders,  one,  the  high  press- 

^®*  ure,  being  surrounded  by  an  annular  low-pressure  cylinder. 

The  steam  distribution  is  effected  by  one  oscillating  cylin- 
drical valve  worked  by  a  single  eccentric  on  the  shaft,  the 
steam  working  only  upon  the  top  sides  of  the  piston. 

The  degi^ee  of  expansion  obtained  is  due  to  the  amount  of 
lap  in  the  valve. 
Mode  of  Tvork-  The  largo  cylinder  working  full  stroke,  the  steam  is  ex- 
hausted directly  from  the  small  cylinder  under  the  valve  into 
the  largo  cylinder.  The  cranks  are  opposite  each  other  in 
the  same  plane  and  lie  directly  under  the  cylinders.  The 
shaft  passes  through  the  base  and  is  surrounded  by  the  ex- 
haust steam  working  through  stuffing-boxes  and  glands  at 
each  outer  end. 

The  inner  side  of  the  annular  piston-head  is  made  some- 
what longer  than  the  desired  stroke,  and  a  spring-ring  is 
placed  in  a  groove  cut  in  the  cylinder.  The  ridg  remains 
stationary,  and  the  head  travels  over  it,  thus  allowing  the 
spring  of  the  ring  to  be  outward,  in  place  of  the  reverse, 
which  would  occur  were  it  placed  in  the  piston-head.  The 
connecting-rods  are  used  only  in  compression,  and  have  their 
oscillating  bearing  in  the  piston-head  itself. 

This  engine  is  also  used  with  a  condenser. 
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Fig.  H. — Flaud  if-  CohendtPi  " brolierliood"  vtrtical  compound  *leam-engiiu.     (Frr- 
Heal  longitudinal  teetton.) 


PlO.  9.— Flaud  j-  CokeuM't  "  brollttrhood"  ttrlical  wmpound  tUam-migine.    ( Ver- 
lieal  Iraiucerie  tection.) 
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°-  Bemaya'a  twin-cj/Under  aigine. 

In  the  English  department  Mr.  JosepU  Bemays,  of  Lon- 
don, exhibited  a  twin-cylinder  engine  (Fi^;.  10),  in  which  tlie 
crank  is  rotated  by  the  intervention  of  a  triangalar  con- 
necting-rod, an  arrangement  not  new  and  long  since  appar- 
ently abandoned,  but  which  this  exhibitor  makes  practicable 
by  an  ingenious  arrangement  of  eccentric  and  valre  gear. 


Fio.  XO.—Bentay^i  lidn-ejdixder  iteam-tngiHt. 

The  two  upright  double-acting  cylinders  are  placed  with 
snflBcient  space  between  them  to  receive  the  crank-shaft. 
The  pistons  are  connected  to  one  crank  by  means  of  a  tri- 
angular connecting-rod,  which  causes  tliem  to  move  as  if 
connected  to  two  cranks  at  right  angles  to  each  other. 
u-  The  steam  distribution  in  the  two  cylinders  is  governed 
by  one  ordinary  eccentric  and  its  connections  in  a  manner 
annlagons  to  that  by  which  the  main  crank  governs  the 
motion  of  the  two  pistons. 

Two  eyes  are  provided  on  the  eccentric-ring,  canying  rods 
or  levers,  through  which  the  valves  are  acted  upon.  The 
position  of,  and  distance  between,  these  eyes  bear  the  same 
relation  to  the  throw  of  the  eccentric  as  the  measurements 
of  the  main  connecting-rod  bear  to  tiie  throw  of  the  crank, 
reproducing  on  a  smaller  scale  the  triangular  connection 
between  the  crank  and  the  two  piston-rods  in  the  eccentric 
and  valve-rods,  and  the  steam  is  correctly  distribatdd.  The 
eccentric  is  loose  in  the  shait  and  is  thrown  to  the  right  or 
left  for  the  purpose  of  reversing  the  engine.    The  pofdtioii 
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of  the  crank-shaft  in  relatioa  to  the  cylinders  may  be  varied  ct^Swot^? 
in  height  to  anit  any  required  porpose. 

In  tiiis  engine  there  is  no  dead  point,  for  th^  reason  that 
both  pistons  can  never  !»  at  the  ends  of  their  respective 
strokes  at  the  same  time,  since  th^  reach  their  limit  of 
movement  when  the  crank-pin  passes  a  [wint  in  line  closest 
to  the  pin  of  the  triangle  to  which  either  engine-piston 
attaches. 


Ranaom^s  tree-fdUng  engine. 

Bansomes,  of  Ipswich,  England,  showed  an  application  of 
steam-power    to    felling 
trees  (Pig.  11). 

A  small  steam-cylinder, 
with  comparatively  long 
stroke,  mounted  on  a  light 
wrought-iron  &ame,  is 
pivoted  on  its  center;  a 
movement  aroand  this 
pivot  is  controlled  by  a 
worm-wheel  and  screw- 
geariug  into  a  curcolar 
rack.  A  saw  is  rigidly 
fixed  to  the  cross-head, 
the  teeth  of  the  saw  ar- 
ranged to  cat  only  dur- 
ing its  in-stroke,  that  is, 
the  teeth  are  hooked  on 
one  side  and  have  a  long 
bevel  on  the  opposite  one ; 
the  saw  makesadrawcnt 
daring  its  passage  toward 
the  cylinder,  which  en- 
ables a  brace  between  the 
^Under- frame  an4  the 
tree  to  resist  in  compres- 
sion alone  the  force  of  the 
cnt.  The  steam  distribn- 
tion  is  effected  directly 
from  the  cross-head,  and 
BO  arranged  as  to  take 
fiill  steam  for  the  in  or 
cutting  stroke  of  the  saw,  and  but  one-tenth  the  amount  for 
the  return  or  idle  stroke. 
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f^"*enKinef**      "^^  coDvenieut  form  of  boiler  may  be  ased,  and  oonneo- 

tion  made  between  the  engine  and  boiler  through  a  long 
flexible  steam-pipe,  which  allows  great  range  in  position  of 
the  engine  relatively  to  the  boiler,  while  the  boiler  main- 
tains any  given  position. 

The  engine  and  frame  are  very  light  and  easily  trans- 
I)orted  by  two  men  from  place  to  place. 

^Hathorn,  Davis     Hathom,  Davis,  &  Davcy,  of  Leeds,  manufactuers  of  dif- 

Appleby  Broa  ferential  compound  pumping  engines,  Appleby  Bros.,  of 

London,  makers  of  hoisting  engines  and  machines,  and  John 

j:  A^S^SfeS:  Fowler  &  Co.,  of  London,  and  John  &  Henry  McLaren,  of 

^^  Hunslet,  both  firms  builders  of  traction  engines  and  ma- 

chinery, exhibited  valuable  machinery  but  no  si)ecial  im- 
provements on  previous  products  such  as  come  within  the 
scope  of  this  report,  nothing  having  been  shown  that  has 
not  already  been  noticed  in  reports  made  to  the  govern- 
ment concerning  former  international  exhibitions. 


Oat-€ngin4s.  GAS  ENGINES. 

Some  half  dozen  gas-engines  were  exhibited,  and  the 
(Htogaa^ngine.  inost  uotablc  fcaturcs  of  novelty  were  found  in  the  "Otto 
silent  gas-engine."      In  it,  by  an  entirely  new  idea,  the 
proportionate  amount  of  air  is  increased  for  volume  of  gas 
used,  and  a  consequently  less  sudden  and  abrupt  explosion 
is  secured.    As  it  has  generally  been  found  that  the  most 
serious  objection  to  such  engines  is  a  too  sudden  explosion, 
any  method  of  correcting  it  is  certainly  Avorthy  of  notice. 
Description.     The  Otto  engine  is  horizontal,  and  resembles  greatly  an 
ordinary  horizontal  steam-engine,  but  the  cylinder  is  en- 
tirely open  at  the  front  end,  while  across  the  other  end 
moves  a  slide-valve  regulating  the  admission  of  air  and  gas. 
Mode  of  work.  This  valvc  is  drivcu  by  a  small  crank  connection  oflF  the  end 
*°*^*  of  a  shaft  lying  alongside  of  the  bed-plate  of  the  engine 

and  at  right  angles  to  the  main  shaft.  This  "lay"  shaft 
receives  its  revolution  from  the  main  engine-shaft  through 
a  pair  of  bevel-gears  of  ratio  2  : 1,  the  main  shaft  making 
two  revolutions  to  one  of  the  lay  shaft.  When  the  piston 
is  ready  to  start  from  the  back  end  of  its  stroke,  the  slide- 
valve  is  in  position  admitting  air  and  gas,  the  air  in  much 
larger  proportion  than  ordinarily  employed  (that  is,  the  gas 
largely  diluted) ;  this  admission  continues  for  a  portion  of 
the  piston  passage,  when  it  is  discontinued  by  the  action  of 
the  slide-valve.  The  acquired  momentum  of  the  ily-wheel 
and  moving  parts  carries  the  piston  over  its  dead  point,  and 
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causes  it  to  I'etum  to  the  back  end  of  its  stroke,  so  com-  ottopaa^ghM-. 
pn*ssiii|^  the  air  and  gas  first  aduiitted  into  about  one-third 
the  s])ace  originally  occu^ned  at  the  time  of  its  admission; 
at  this  i)()int  tho  continued  movement  of  the  valve  admits 
the  sjiark  and  the  explosion  of  the  admixture  occurs, 
driving  the  piston  to  the  front  end  of  the  cylinder;  the  fly- 
wlieel  momentum  returns  the  piston  to  the  back  end,  ex- 
]»eIHng  tbe  burnt  gases  through  a  separate  exhaust  valve, .  M^Uofwork- 
also  driven  fi-oni  the  lay  shaft;  and  the  piston,  having  again 
rt»aehed  the  back  end,  receives  another  charge  of  the  com- 
bustible. From  this  it  will  b(»  understood  that  the  explo- 
sion occurs  only  for  every  fourth  stroke  of  tlie  piston.  The 
motion  for  the  other  three  strokes  is  caused  entirely  by  the 
stored-up  momentum.  A  governor  is,  however,  attached 
and  the  engine  gives  very  regular  si>eed.  The  consumption 
of  onlinary  coal  gas  is  reported  to  be  20  cubic  feet  per 
horse-power  per  hour. 

The  Bisschof  vertical  gas-engine  is  constituted  to  fill  ^^  eneSc!^^**'  ^* 
Continental  demand  for  light  powers,  driving  lathes  in 
houses,  and  other  small  requirements.  So  low  a  power  is 
made  as  one  man-power,  equal  to  about  i^  of  a  horse-i)ower. 
In  this  engine  the  explosion  occurs  in  the  latter  half  of  the 
cylinder.  The  earlier  movement  of  the  piston  draws  in  the 
air  and  gas,  Regulated  by  an  eccentric  on  tlie  shaft;  it  is 
then  explode<l  by  a  jet  kept  constantly  burning,  and  pro-  MiwUof  wml 
l>els  the  head  to  the  extremity  of  iis  u[)ward  slroke.  During  *"^* 
the  downward  ])assage  of  the  piston  the  exhaust  is  made, 
and  the  explosion  again  repeated  on  the  upstroke.  No 
\vi:ter  is  used  to  cool  the  cylinder,  which  is  entirely  done  by 
nuliating  ribs  cast  to  the  cylinder,  and  said  to  answer  all 
requirements.  The  crank- shaft  is  placed  on  one  side  of  the 
center  line,  so  that,  when  the  force  of  the  explosion  occurs, 
the  angularity  of  the  connecting-rod  is  very  slight,  but 
consequently  excessive  duiing  the  downwiird  passage  of 
the  cross-head. 


APPARATUS    FOB    THE    INSTANTANEOUS    GENERATION   OF      Instanlaneoun 

fltcum  apptiratiiH. 

STEAM. 

lu  these  apparatus  liquid  fuel  (i)etroleum,  naphtha,  etc.), 
in  the  raw  state,  is  changed  into  motive  force,  with  a  special 
application  to  produce  high  tempeniturcs. 

Dusaulx's  steam  ap])aratus,  shown  in  Plate  3,  works  by  DuaauJz » 

an  instantaneous  pn)duction  of  steam  in  motor  cylinders.  "'*^*"*  "*" 
This  vaporization  is  obtained  by  the  combustion  of  mineral 
26  P  B VOL  4 
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tSaooui^  '*?teaSi  ^^^^^  injccted  iu  the  liquid  state  under  the  pistons,  when  these 

appftratn«.         last  havo  goue  through  about  two-fifths  of  their  ascending 

course,  drawing  by  suction  a  certain  quantity  of  air  which 

comes  to  saturate  this  fii'st  fraction  of  the  capacity  of  the 

Moiic  of  work  cylinders.    At  the  moment  of  the  injection  of  theseoils  in 

'°^*  a  certain  state  of  division,  a  spark  proceeding  from  uKuhm- 

korll'  coil  inflames  the  mixture  in  the  interior,  at  tho  same 

time  that  a  quantity  of  watex  fixed  and  covering  the  piston, 

ii^ecUon  of  which  is  ill  the  oiHMi  air,  is  thus  injected  in  a  like  st;vte  of 

and  water  "'^'  divisiou  iuto  the  luidst  of  the  inflamed  gases.  The  distribu- 
tion of  this  water  is  effected  iu  a  constant  manner,  regulated 
by  a  tai>  at  the  surface  of  the  moving  pistons,  which  form 
basins  to  ivceiveit;  it  traverses  previously  a  cireuit  in  con- 
tact with  the  gases  of  escai)ement,  so  as  toniiseits  temper- 
ature as  nearly  as  possible  to  li)(P.  The  little  apparatus  of 
injection,  screwed  on  the  piston  which  it  triiverses,  is  fed 
at  each  stroke  with  a  fixed  quantity  of  this  water,  iu  order 
to  throw  it  iuto  the  fire-grate  at  the  opportune  time. 

toIoiSl**"''  ^"^  "^'^^  niean  i)ressure  developed  under  the  influence  of  this 
double  phenomenon  is  from  eight  to  ten  kilograms  per  square 
centimeter.  It  acts  then  upon  the  internal  surfiice  of  the 
piston,  which  it  pushes  with  energy,  while  slacking  itself. 
Exhaiwt.  This  inixturt*  of  steam  and  ijas  escapes  afterwanl  into  the 
atinos[)here  when  the  piston  arrives  at  the  end  of  its  course. 

fuel  oS"5?  m!i[  "^  '^^^^'  <iuantity  of  raw  miiiei  al  oil  thus  employed  is  from  one 
to  one-half  liters  per  hour  to  produce  one  horse-powei' ;  the 
Water  ovapo-  voluHieof  wat-iT  cvaporatcd  in  the  same  time  is  from  ten  to 
iburteen  liters.  The  same  ai)paratus,  while  performing  the 
1  unction  of  a  ventilator  ov  blowing  cylinder,  can  bo  advan- 
tageously utilized  to  produce  high  temperatures;  it  suffices 
to  modify  the  distribution  of  oil,  which  is  injected  in  excess 
under  the  pistons,  by  diminishing  so  much  the  quantity 
of  water;  the  weak  portion  of  the  injected  oils,  which  is  in- 
flamed, produces  the  gaseous  state  of  the  whole,  with  a  tem- 
perature of  180O  to  200O  in  the  escai>ement.  This  escape- 
subHequouiiisoiuent,  iustcad  of  being  miuleinto  the  atmosphere  as  above, 

Lw^*^*'  *  **  "^'*  traverses  a  powerful  pipe,  which  pours  it  into  a  reverbera- 

tory  furnace  or  mufile,  into  which  its  (combustion  is  efiected. 
The  air  sent  by  the  ventilator,  set  in  motion  by  the  appa- 
ratus, goes  along  in  a  bundle  of  capillary  tubes,  of  a  certain 

raJngi.«d      with  ^^"^^^7  "^  coutact  witli   thcsc  cscapcmeut  gases,  without 

th?^iit?iato^"""  ini^glJiig  with  them ;  the  mixture  takes  place  at  tho  orifice 
of  tbe  issue  of  the  pipe.  This  arrangement  has  the  effect 
(»f  bringing  tlu*  air  to  the  same  temperature  as  the  gases 
before  mixing  it  with  them.    In  the  exhibited  apparatus  the 
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mixture  is  thus  evacuated  from  150  to  180  cubic  meters  by  Duaauix'sinstan- 

"^  taneooB      steam 

the  hour,  w  ith  an  expenditure  of  three  to  four  liters  of  petro-  apparatus, 
leum  passing  through  the  cylinders,  and  two  to  three  liters 
of  heavy  oil  of  gas  tar  distribute<l  along  the  pipe  and  car- 
ried along  by  the  evacuated  gases.  This  complete  combus- 
tion leaves  no  residue,  and  produces  an  excessively  high 
temperature,  with  a  light  pressure,  allowing  it  to  be  man- 
aged in  the  whole  circuit  without  escape-chimney. 

ANDREW  J.  SWEENEY, 

Additional  Commissioner, 
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REPORT 


ON 


MACHINES,  APPARATUS,  AND  MACHINE  TOOLS. 


The  Exposition  at  Paris — following  so  closely  u[)on  those  ^hj^^^^^"*^ 
of  1873  at  Vienna  and  of  187G  at  Philadelphia— left  little  SJJoeitiJn. 
time  for  improvement  or  even  changes  of  form;  and  one 
looked  almost  in  vain  through  the  vast  display  of  machinery 
to  find  anything  whi(;h  ha<l  not  already  be«n  fully  reported 
upon  by  commissiouei's  at  a  previous  exhibition  or  shown  in 
Philadelphia  in  1876. 

The  American  show  of  machinery  was  limited  when  com-  The  American 
pared  with  those  of  France*  and  Great  Britain,  the  two  great 
exhibitors,  but  it  attracted  as  much  attention  as  any  other 
machinery  section,  and  certainly  contained  a^  much  that 
was  new.  The  short  interval  since  the  Centennial  Exhibi- 
tion, the  distance  of  that  in  Paris,  and  the  very  brief  time    itnauaiityuud 

AlTiPS^.  T*  I  ^f^n  f  HA 

for  preparation  of  exhibits  to  the  latter,  all  tended  to  make 
our  Exhibition  limited  as  to  quantity,  though  its  quality 
was  admittedly  excellent. 

In  ])oint  of  workmanship  the  British  exhibitors  were  in         £zceUenc« 
advance  of  all  others,  judging  altogether  from  outside  ap-maTship!^  ''^^^ 
pearances,  a«  no  opportunity  wjis  offered  to  make  any  other 
examination.    All  their  details  seemed  to  be  carefully  worked 
out,  and  one  could  see  all  around  him,  in  their  section,  what 
it  was  difficult  to  find  anywhere  else — that  the  makers  of  the 
nmchinery  were  thoroughly  well  acquainted  with  the  uses 
of  the  fundamental  tool  of  the  machine-shop  of  today — 
the  planing  machine.    In  their  work  we  almost  invariably    Kxten»wo  um 
found  that  clean-cut,  shaq),  and  flat  finish  which  is  a  sure  niucbinc. 
indication  to  a  workman  that  the  parts  have  been  separately 
finished,  and  then  brought  together,  making  the  grand  whole, 
without  being  fitted  each  piece  to  its  neighbors  in  the  proc- 
ess of  erection.    They  undoubtedly  made  the  finest  show  <>^Bri^"g^*^2ihiSit"^ 
machinery  in  the  Exposition,  and,  as  might  be  expected,  only 
second  in  it«  extent  and  range  of  classes.    Vcrj'  nearly  the 
whole  of  it,  however,  has  l)een  exhibited  and  reported  ui)on 
before. 

Many  claims  for  improvements  on  different  well-known 
and  valuable  machines  were  made ;  but.,  ni>on  inspection, 

:)9i 
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they  proved  only  how  sh'ght  a  change  might  be  made  into  a 
matter  of  great  importance  by  the  Mtretcbing  of  an  elastic 
imagination.  In  the  United  States  section  a  model  was 
j^^ake's  ore-  shown  of  Blakc's  ore  and  stone  crusher,  probably  placed 
there  that  it  might  be  compared  with  the  so-called  improve- 
ments on  that  machine.  If  this  was  the  purpose,  it  was  a 
wise  one,  and  might  he  followed  by  others  with  good  results 
in  future ;  for  by  comparing  this  model  of  the  original  uia- 
chine  with  the  claimed  improvements  an  impartial  man 
ab  totoodiiica-  would  Certainly  discover  that  the  only  change  from  the  orig- 

tioDB  claimed  us  *  »^  c»  o 

improTcmenu.    intH,  wliich  was  uot  really  a  detrimental  one,  was  the  mere 

substitution  of  a  thin,  light,  crushing  plate  for  breaking  soft 
stone,  in  place  of  using  the  he^vy,  strong  plate,  or  rather 
jaw,  capable  of  crushing  the  hardest  and  strongest  rocks, 
which  is  usually  placed  in  the  machine.  The  Blake  ma- 
chine is  80  exceedingly  sim]>1e  and  so  effective,  that  it  seems 
almost  ridiculous  to  follow  that  parti(;ular  direction  any  fur- 
ther with  the  hope  of  making  improvements. 

d^^rintT^^^mif        Paper- Working  and  printing  machinery  and  apparatus. 

KientHyBnm.  Kicut^y  Bros.,  of  Puris,  had  on  exhibition  a  very  good 
lot  of  specimens  of  their  manufacture  of  paper  machinery, 

Enginf-tub  of  amoiig  which  the  only  notable  thing  was  an  engine-tub  made, 
and  beautifully  made,  of  pebbles  and  hydraulic  cement  (con- 
crete), in  the  use  of  wliich  tlie  French  possess  wonderful  skill. 

^"  FSSSSniir     ^^'  I^buillier,  of  Vienne,  {Is^re)j  sliowed  a  Fourdrinier  ma- 
uiixchine.  chiuc  iu  Operation,  apparently  a  creditable  piee^  of  work, 

but  although  a  <lescriptive  catalogue  was  promised,  it  has 
never  been  received.  The  machine  had  the  appearance  of 
great  strength,  each  part  driven  by  separate  cone-pulleys 
for  changing  and  regulating  the  speeds.  The  cutter  was 
novel,  but  evidently  lju*,ked  one  great  requisite — speed.    The 

p»p«rH:utur.  paper  is  cut  by  a  straight  blade,  moved  by  a  cam  motion  at 
each  end,  and  raised  by  counterpoise  weights  after  the  pas- 
sage of  the  c^ms  and  the  making  of  the  cut.  The  paper  is 
fed  u])  at  each  stroke  by  a  crank  motion  moving  a  bar  run- 
ning across  the  machine,  the  length  of  the  paper  t>eiug  reg- 
ulated by  the  radius  of  the  cmnk-])ins.  The  machine  is 
almost  noiseless,  because  it  is  free  from  shocks,  and  is  cer- 
tain in  the  length  of  its  sheets — two  great  recommendations. 
The  exhibit  of  Xirinting  miichinery  was  small  compared 
with  that  at  the  Centennial  Exhibition.    The  most  impor- 

Mi»rinoni'Hcoii-tant  exhibitor  was  the  house  of  Marinonf,  of  Paris,  com- 
nwohine.  prisiug  quitc  a  uumbcr  of  different  forms,  among  which 

were  three  continuous  presses,  for  which  they  claimed  special 
advantages— one  for  printing  newspapers  of  small  size  and 
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the  other  two  for  large-sized  papers.  They  were  said  to  jJj^^J^gj^P^*- 
coaiit,  print,  cat,  arrange,  and  pass  off  the  X)apers  in  pack- 
asres  of  one  hundred.  The  cutting  arrangement  is  covered 
by  a  patent  bearing  date  October,  1877 ;  and  for  the  count-  J^^^^^^^ 
ing  arrangement  the  claim  was  made  that  it  was  entirely 
new.  Unfortunately,  after  making  very  many  visits  for  the 
purpose,  the  writer  failed  to  see  any  of  these  machines  in 
successful  operation,  the  cause  of  failure  being,  in  his  opin- 
ion, due  to  the  impossibility  of  such  paper  as  they  were  try- 
ing to  use  being  passed  through  a  continuous  press,  and  not 
to  any  grave  faults  in  the  machines  themselves. 

In  the  Britisli  section  an  Ingram  continuous  rotary  press       Ingram  con- 
was  every  day  in  successful  operation,  printing  copies  of  the  macSSi?         ' 
London  "Illustrated  News."    The  paper  from  the  roll  was,     '*^°»*>**?<* 
I)assed  through  a  pair  of  cylinders,  where  it  received  the 
imprint  of  the  letter-press  forms;  it  then  passed  to  the  pic- 
ture cylinders,  where  the  illustrations  were  printed  on  the 
other  side  of  the  sheet ;  thence  to  the  cutter ;  and  finally  to 
the  folding  arrangement,  which  delivered  the  finished  copies 
at  the  rate  of  about  six  thousand  per  hour. 

Derriey-Dalloz,  of  Paris,  had  on  exhibition  a  continuous    Deiriey-DaUoe 
rotary  job  press,  in  which  it  was  intended  to  take  the  paper  twyiob-prcas. 
from  the  roll  and  cut  it  tlie  required  length  and  width,  in 
passing  to  and  before  it  reached  the  i)rinting  cylinders. 
With  this  machine  there  was  some  difiiculty,  and  the  at- 
tempts made  to  run  it  were  all  failures. 

D.  Hutinet,  of  Paris,  ha<l  at  work  a  machine  for  printing        d.  Hutinet 

».  1.,  ,..  ,  '        1      '      'J.    chromatic  print- 

business  and  other  canls  in  six  colors,  very  simple  m  its ingmaobine. 
construction  and  perfei^t  in  its  oi>eration.  The  card  to  be 
printed  was  forced  against  the  plate  by  a  crank,  the  six 
plates  with  the  different  colors  being  carried  on  a  shaft, 
which  was  turned  one-sixth  of  a  revolution  at  each  revolu- 
tion of  the  crank-shaft  by  means  of  a  cam  motion,  and  the 
color-rollers  passed  over  the  plates  by  the  same  motion. 

J.  Jomaux,  of  Paris,  exhibited  the  type-composing  ma-  in,rmM!bSMo£ 
chine  uivented  bv  Isidore  Delcambre ;  Charles  Kastenbein,    ScicambitN 

'  T^        .   ,       Kastenbein. 

of  Paris,  his  composing  and  distributing  machines ;  Patrick 
Adie,  of  London,  Eraser's  distributing  and  composing  ma-  Fraser. 
chines.  These  machines,  so  far  as  can  be  seen,  are  quite 
similar — the  type  being  arranged,  by  the  aid  of  the  distrib- 
uting machines,  in  tin  troughs  or  flat  tubes  for  the  compos- 
ing machines,  in  which  they  are  aiTange<l  in  a  vertical  po- 
sition, and  the  type  distributed  by  means  of  a  key-board 
similar  to  that  of  a  piano.  They  claim  to  set  up  from  six 
to  ten  thousand  types  per  hour. 
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A.  Troaiiii't.  q^q  of  tlu?  iieatest  exhibits  of  light  machinery  was  that 
of  nuniberiDi;  machines  by  Auguste  Tronillet,  of  Paris. 
These  machiues  are  made  for  quite  a  variety  of  porposes, 

Numbiringmn-  the  larger  ones  chiefly  for  nnmbering  bank  notes,  railroad 
tickets,  and  election  tickets,  where  the  name  of  each  voter 
is  recorded  and  the  number  of  the  vote  stamped  upon  the 
ticket.  They  iire  made  upon  the  same  principle  as  the  ooud- 
ter  in  common  use  for  counting  the  revolutions  ot  steam>en- 

Description,  gincs  aud  Other  machinery,  are  very  compact,  and  of  fine 
workmanship.  To  the  first  cylinder  or  units  roller,  upon 
which  the  figures  are  engraved,  is  attached  a  ratchet-wheel 
of  10  teeth,  to  which  motion  is  given  by  a  click,  with  a  lever 
attachment.  Each  movement  of  the  lever  passes  a  tooth  of 
the  ratchet,  and  brings  forward  the  next  figure,  until  the  9 
is  reached,  when  a  pin  which  passes  through  this  ratchet  and 
roller  is  brought  in  contact  with  a  fixed  inclined  plane  at- 
tached to  the  frame.  In  passing  the  plane,  the  pin  is  forced 
inward  against  a  spiral  spring,  until  its  inner  i>oint  is  passed 
into  one  of  ten  spaces  cut  in  the  side  of  the  second  or  tens 
roller,  when  it  is  carried  along  one  space  with  the  units,  and 
the  first  ten  is  numbered.  Tliis  is  repeated  until  the  num- 
ber 99  is  reached,  when,  ux>on  the  pin  being  forced  in,  iU 
inner  point  comes  in  contact  with  a  similar  pin  passing 
through  the  tens  roller,  which,  in  its  turn,  is  forced  through 
until  its  point  enters  one  of  ten  spaces  in  the  third  roller, 
when  it  also  is  moved  with  the  two  first  to  number  100.  The 
process  is  repeated  to  any  number  of  figures  required.  Ma- 
chines aie  constructed  to  number  notes  or  tickets  in  sheets 
of  any  size.  The  high  reputation  of  these  machines  is  un- 
doubtedly well  earned.    They  are  exquisitely  well  made. 

MachiDi'H.  WB-  Ma-chiiies^  machine  tooU. 

chine-toolH. 

One  of  the  largest  classes  was  that  of  machinist's  tools, 
in  the  French  section  alone  thei^  being  about  100  exhibitors. 
The  tools  generally  were  just  such  as  may  be  seen  in  any 
of  our  machine  shops. 
9uick-retuni     Quitc  a  Variety  of  "  quick-return  motions"  were  to  be  seen 
ing^macb^oa^'^^*'  ou  tlic  shapiug  machiues,  but  it  is  more  than  doabtful 
whether  any  of  them  is  as  good  as  that  made  by  Mr.  Whit- 
worth  on  the  original  machine. 
rinniiigma.     Qf  planiug  macliiues  a  large  number  were  on  exhibition, 
varying  in  size  from  the  smallest  hand  maclines  to  the 
vairaii,  Eiweii,  large  powcr  machine  of  Messrs.  Varrall,  Elwell,  &  Middle- 
ton,  of  Paris,  which  was  capable  of  planing  a  piece  from  8 
to  10  feet  square  and  25  to  30  feet  long;  verj'  English  in 
style  and  finish,  as  were  all  the  tools  exhibited  by  this  firm. 
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The  method  of  labricating  the  slides  was  novel  and  good,  cwiwf'*^''^'"^ 
In  the  Vs  of  the  bed-piece,  at  a  distance  of  some  three  feet  ^^{jStST*^ 
apart,  pockets  were  made,  in  which  were  placed  rollers  of 
five  inches  diameter,  turned  to  fit  the  surface  of  the  Vs  on 
the  table. 

These  rollers  were  on  small  journals,  and  apparently 
held  up  by  springs  so  high  that  they  were  brought  in  con- 
tact with  the  Vs  of  the  table,  and  by  this  contact  made  to 
revolve  while  the  table  was  passing  over  them.  The  pockets  Dc«cripti(m. 
were  filled  with  oil  as  far  up  as  the  center  of  the  rollers, 
which  in  their  revolution  carried  it  up  and  deposited  it  on 
the  Vs  of  the  table,  making  the  lubrication  perfect.  This 
planer  was  one  of  the  very  few  tools  on  exhibition  that  were 
put  in  motion. 

There  did  not  appear  to  be  nearly  so  much  attention  paid    ab  to  the  con- 
to  what  might  be  termed  the  convenient  handling  of  the It^the  nuichine 
machine  tools  as  with  us.    What  was  called  a  Sellers  planer  ^ "' 
had  the  belts  placed  at  the  side  opposite  the  workman,  and 
the  pulley  or  first  driving  shaft  at  right  angles  to  the  bed, 
making  it  necessary  for  the  workman  in  cases  of  nice  ad- 
justment^^  of  the  cutting  tools  to  climb  over  or  walk  around 
the  machine  to  reach  his  belts,  and  entirely  losing  sight  of 
the  object  Mr.  Sellers  had  in  view  while  designing  the  ma- 
chine, that  of  driving  it  in  a  position  parallel  with  the  line 
shaft. 

Lathes  were  shown  in  large  numbers,  differing  from  our    Latbet. 
own  only  in  the  almost  universal  use  of  gearing  with  heli- 
coidal  teeth,  very  carefully  made.    They  must  run  quietly, 
but  not  one  was  to  be  seen  in  motion. 

The  most  marked  difference  between  the  machinery  in  the  aiSSSg^riSg!* 
Exposition  and  American  machinery  was  the  use  in  the 
European  of  gearing  with  helicoidal  teeth  or  "  Hook's  gear- 
ing.'' It  was  to  be  seen  in  machinery  of  almost  every  de- 
scription, ftom  the  he^aviest  to  the  lightest.  For  cutting 
this  gearing,  and  the  patterns  for  it,  M.  A.  C.  Piat,  of  A.c.Piat 
Paris,  exhibited  a  machine  which  was  stated  to  be  "not  for    .,,^*;<^S{°®I°^ 

^  cutting  boliooidal 

sale,"  but  merely  an  addition  to  his  own  plant.    It  was  a  teeth  gearing. 

large  and  rather  complicated  affair,  the  novelty  consisting 

in  its  having  two  worm-wheels  on  the  spiudle  can-ying  the 

wheel  to  be  cut,  one  of  which  is  used  only  for  dividing,  the 

other  for  revolving  the  work  while  the  teeth  are  being  cut. 

The  worm-shaft  of  the  first  or  dividing  wheel  is  attached  to 

the  second  or  feed  wheel,  so  that  both  the  dividing  and  the 

feed  wheels  move  together  with  the  spiudle  while  the  feed 

is  in  gear  and  a  tooth  is  being  cut.    After  the  cut  is  made 

the  cutter  is  withdrawn,  the  feed  reversed,  and  all  the  parts 
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cuuin'hencoidai '^^^^"^^^  ^^  ^^^  positioiis  occupied  when  the  cut  was  started; 

tM«h  gearing,     the  changewhecl  on  the  worm-shaft  of  the  dividing- wheel 
is  brought  back  into  gear  with  the  dividing- train;  the 
division  is  then  made,  and  the  work  goes  on. 
Bariquaiid&     Vcfv  handsome   small  machine    tools  were  shown  bv 

Son.  •  ' 

Messrs.  Bariquund  &  Son,  of  Paris,  with  specimens  of  their 
work  in  parts  of  the  Chasscp6t  gan. 
H.c.Luc(i.  H.  G.  Lucq,  of  Pont  sur-Sambre,  had  a  class  of  tools 

made  for  the  use  of  blacksmiths,  locksmiths,  etc.,  consisting 
of  upright  drills,  to  be  driven  by  hand  or  power  or  both,  as 
Drij^puuiUes,  might  be  desired;  hand-punches,  hand-shears  for  catting 
plates  and  round  or  square  iron.  They  were  all  light  and 
well  made,  the  drills  particularly  well  adapted  for  the  nse 
of  small  country  or  city  shops,  where  nothing  bat  haud- 
I>o\ver  is  used. 

wbitwSrth!*^^^  Sir  Joseph  Whitworth  &  Co.,  and  Sharp,  Stewart^  &  Co, 
both  of  Manchester,  had  some  of  their  tools,  in  which, 
although  there  appeared  to  be  nothing  new,  there  were,  as 
there  usually  are,  very  fine  specimens  of  good  workmanship. 

^sharp,  strwart'     Sharp,  Stcwart,  &  Co.  had  a  machine  to  be  driven  by 
MMhineforfac  hand  or  belt  for  facing  the  valve-seats  of  locomotives  or 

injc  vaivc-8cat8.  *=* 

Other  steam-engines  in  i)Osition,  with  various  other  tools  for 
repairing  locomotives. 
Whitworth  &     Whitworth  &  Co.  exhibited  a  hydraulic  machine  for  test- 

Co 

HydrauUcteBt-ing  the  tcnsilc  strength  of  metals.  The  bar  to  be  tested 
g-mao  ine.  ^^^  enlarged  and  screwed  at  each  end,  screwed  into  the 
machine,  and  the  force  applied  by  means  of  a  pump  oper- 
ated by  hand,  the  strength  being  indicated  by  a  pressure 
gage,  and  its  ductility  by  the  dift'erence  in  the  length  of 
the  test  piece  before  and  after  it  is  pulled  apart.  They  afso 
showed  a  beautiful  self-acting  foot-lathe  with  steel-hardened 
spindle  in  steel-hardened  bushings ;  a  large  assortment  of 

piate«,^migJKei!  scrcw-cutting  tools,  both  for  hand  and  machines,  in  which 

they  still  adhere  to  the  thread  with  round  top  and  bottom; 
two  pairs  of  surface  plates,  with  their  well-known  measnr 
ing  machine,  and  cylindrical  gages. 
Julius  HaiL         JuHus  Hall,  of  Loiidoii,  had  a  drill  (partially  exposed)  for 

ing  square  holes,  drilling,  or  nioic  propcrly  milling,  a  square  hole  ont  of  the 
solid,  in  wood  or  any  of  the  metals.  An  ordinary  hand- 
drilling  machine  was  used.  The  cutting  end  and  the  sec- 
tion of  the  shank  of  the  drill  was  an  equilateral  triangle, 
the  side  of  which  was  equal  to  the  side  of  the  square  hole 
to  be  bored,  and  the  shank  made  of  sufficient  length  to 
allow  the  cutting  end  while  revolving  to  follow  the  sides  of 
a  square  hole  of  the  same  size  as  the  hole  to  be  bored,  nsed 
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as  a  guide.  In  the  state  in  which  the  square-hole  drill  was 
exhibited  it  is  more  of  a  curiosity  than  a  useful  tool. 

Large  numbers  of  milling  machines  were  on  exhibition,      MiDing  m* 
with  nothing  whatever  about  them  giving  the  slightest  claim 
to  novelty  or  to  any  particular  notice. 

A  very  extensive  display  was  made  of  emerj*  wheels,  from  andSinSOT?**^ 
the  size  of  an  ordinary  grindstone,  3  or  3^  feet  in  diameter, 
down  to  ^  inch  in  diameter,  with  machines  especially  adapted 
for  their  use — for  sharpening  cutting  tools,  grinding  flat 
and  cylindrical  surfaces,  to  correct  the  inaccuracies  of  the 
lathe  and  planer,  and  others  projiosing  to  do  away  entirely 
with  steel-cutting  tools  and  finish  their  work  from  the 
rough.    The  best  machine  of  this  class  of  machine  tools  was 
that  of  the  Brown  &  Sharpe  Manufacturing  Company,  of  gj^^^^^^J^J^ 
Providence,  R.  I.,  for  grinding  and  fiuishing  flat  surfaces,  *»»^  Company, 
well  adapted  for  grinding  steel  surfiices,  hard  or  soft,  such 
as  the  faces  of  punches  and  dies,  straight  edges,  and  many 
small  tools  in  common  use.    None  of  these  tools  were  put 
in  operation,  so  that  there  was  but  little  to  guide  one  iu 
judging  of  their  merits,  except  his  own  experience. 

The  Brown  &  Sharpe  Company  made  a  very  handsome     Cutters,  toou, 

rules,  and  gages. 

display  of  their  small  tools,  such  as  cutters  for  gear-wheels, 
taps,  reamers,  drills,  etc.,  with  steel  rules,  squares,  and 
gages  of  various  descriptions. 

Messrs.  Jackson  &  Bro.,  of  Bolton,  England,  exhibited    Jackson  &nin. 
Scott's  patent- wheel  molding  and  gear- cutting  machines, 
with  J.  C.  Scott's  patent  dividing  apparatus.    The  object    scott's  wheel- 
is  to  keep  the  dividing- wheel  down  to  a  moderate  diameter,  cutting        ma- 
and  to  do  away  with  change-wheels.    The  dividing  was 
done  iu  the  usual  way  by  means  of  a  worm  and  worm-wheel.  nividiugwheeL 
The  fractioual  parts  of  a  revolution  of  the  worm-shaft  were 
regulated   by  movable  steps  on  a  circular  disk,  through 
which  the  worm-shaft  passed.     A  latched  crank-arm,  by 
means  of  which  the  worm-shaft  was  turned,  was  clipped  to 
the  shaft,  so  that  it  might  be  readily  slacked  up  and  re- 
turned to  its  original  position  after  the  fractional  part  of  a 
revolution  is  made.    Judging  from  the  number  of  exhibits 
of  gearing  made  without  patterns  to  be  seen  in  difierent 
parts  of  the  Exposition,  these  wheel-molding  machines 
must  be  very  generally  used. 

Messrs.  Aiken  &  Drummond,  of  Louisville,  Ky.,  had  on   Aiken  &  Drum- 
exhibition  a  hand  or  power  molding  machine  for  foundry  ™°\ioiding  ma- 
use,  which  is  no  doubt  a  useiiil  tool,  although  its  capabili-  °^*°^ 
ties  could  not  be  properly  shown.    This  machine  was  in- 
tended to  mold  such  work  as  gas  and  water  pipe  fittings, 
cocks,  valves,  and  other  plumber's  goods,  axle-boxes,  sash- 
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mo^*^^^^™™  weights,  sad-irons,  and  all  castings  of  such  character.     It  is 
^j^j^Moiding  ma-  gaid  by  the  exhibitors  that  it  is  capable  of  tarning  oat  four 

times  as  much  work  as  can  be  done  by  one  man  ou  a  hand- 
bench  ;  that  no  skilled  labor  is  required,  as  the  machine  sets 
the  patterns,  draws  them,  and  rams  the  sand ;  that  it  being 
unnecessary  to  rap  the  patterns  or  sponge  the  molds,  the 
castings  produced  are  exact  dupliciites  of  the  patterns. 
Very  handsome  exhibits  were  made  in  the  British  section 
RiLTweddru  by  R.  H.  TwcddcU,  of  London,  and  the  Hydraulic  Engineer- 
RinwrSj^  *Com-  iug  Company,  of  Chester,  of  hydraulic  machinery,  consisting 
pany,o     ®' ®^  of  uccumulators ;  pumps  for  accumulators,  with  automatic 

arrangements  for  stopping  and  starting  them  by  the  accu- 
mulator; a  stationary  riveter  for  boiler  work;  portable  rivet- 
ers, with  their  cranes  and  connections,  for  riveting  girders 
HydrauUc  or  bridge  work  in  position,  etc.    The  power  was  transmitted 

Duicliiiicrv* 

to  the  portable  riveters  through  coils  of  copper  pipe  in 

place  of  the  jointed  pipes  used  heretofore,  one  coil  leading 

from  the  mast  of  the  crane  to  the  carriage  on  the  jib,  and 

Riveting,  an  thcr  coil  from  the  carriage  down  to  the  riveter.     The 

"**    *^''  coils  opened  or  closed  as  the  parts  were  moved  in  and  out 

or  up  and  down,  and,  having  no  moving  joints,  were  always 
tight  under  all  pressures. 

ston<MircMiDir  Stone-dressing  machines. 

machine. 

The  most  remarkable  labor-saving  machine  was  that  of 
Bmniou  sl  Messrs.  Brunton  &  Trier,  of  London,  for  dressing  stone  by 
means  of  revolving  cutters.    The  machine  exhibited  (CLiss 
50)  was  made  for  dressing  flat  surfaces  on  fi*eestones  and 
limestones.     It  consisted  of  a  heavy  headstock,  A  (Figs. 
1  and  2),  8ui)porting  the  shaft  which  carries  the  chuck  B, 
with  a  bed  and  table  similar  to  those  of  a  planer  for  hold- 
ing the  block  of  stone  and  feeding  it  across  the  face  of  the 
chuck.    There  are  twelve  cutters  in  B,  each  12  inches  in 
Description,     diameter,  made  of  cast  iron,  with  chilled  cutting  edges;  they 
incline  inwards,  and  cut  the  stone  with  their  inner  edges. 
The  track  described  by  the  cutting  edges  was  a  circle  6  feet 
Capacity  of  the  in  diameter.    The  machine  could  therefore  dress  a  stone, 
mwshine.  ^^y^  g  ^^^^  widc,  and  of  any  length  the  bed  might  be  made 

to  carry.  The  new  feature  in  this  machine  lies  in  the  fact 
that  the  cutters,  in  place  of  rolling  over  the  surface  of  the 
stone  by  their  contact  alone,  are  forced,  by  means  of  gear- 
ing inside  the  chuck,  to  revolve  at  the  same  circumferential 
pixiiictaiy  velocity  as  that  with  which  they  are  passing  over  the  stone 
cStera.  "       **  — iibout  2,500  feet  per  minute ;  while,  if  they  were  dependent 

upon  their  contact  with  the  stone  for  their  rotation,  a  very 
slow  motion  only  would  be  possible.    The  chuck  is  driven 
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l>v  a  belt  on  tlie  piilk'v  C,  and  the  relative  rutatiou  of  the    it™"'"n*Trt- 

eiitters  ooiitrollod  by  a  belt  on  the  puUey  1).     The  stone'" 

Wiirt  fed  across  the  tiw('  of  the  chn4;k  at  the  ratt*  of  Irum  .'i 

feet  (t  iiirhos  to  ;t  fi-et  9  iwehos  )ierinimite.    While  in  u8e 

the  <rlniek  i.s  kc]it  nearly  half  full  of  soap  and  water,  for 

hd^ricitin;;  the  bearinj;;3  and  pearing  driving  the  cutters. 

Tlie  Uliichinoninuiug  iit  the  EjqKwition  was  dressing  brown- 


stone,  and  performed]  itrt  duty  rapidly  aiul  well,  tlie  cutters    neacriiiHou 
Iwing  s('t  to  cut  in  tlii'ce  steps;  but  four  out  of  the  twelve 
wei-H  fiuidhing  the  fac*,  requiring  from  10  to  IH  Imrse-imwer 
lu  drive  it,  deiwinling  of  courstt  ajmn  the  speed  at  which 
the  ehnck  was  driven. 

Machine!)  are  made  of  different  sizes  and  dej^iigns  to  suit 
various  purpose.>t.     That  nhown  in  Figs. ;)  nud  4  Ik  so  ar- 
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^rau^eil  as  to  cut  with  tlivonteredges,  with  a  track  18iDcbeR 
wide,  aiid  having  a  vertical  atljustineat  of  the  cliiick  to 
rover  a  wider  surface  if  necessary.  Some  of  the  work  of 
tliis  Binall  matrliine  in  granite  waat'xhibited,whicb  was  ver>' 


ofwell  done,  the  exhibitors  claiming  to  work  it  expedttiously 
iiiid  choaply,  using  ntcel  for  their  cutters  in  place  of  the 
<;hilled-iron  ones  used  on  softer  gtones.  The  cutters  while 
at  work  did  iiot  get  hot,  aud  kept  their  edges  perfectly  vdL 
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Verj'  flnc  specimeiiB  of  Iciithor  belts  were  Hfaovii  iti  differ- 
ent sections,  some  of  extnionlinary  width,  of  double  and 
triple  tJiicknettses. 

Tlie  inmienwt  l»olt  of  J.  li.  Hoyt  &  Co.,  of  New  York,  ex-     J-  u-  nojt  & 
liibiti'd  in  tbe  United  Stateti  section,  was  a  liandsonio  and 
wcll-inade  piece  of  work,  and,  to  say  the  least,  was  unsur- 
passed by  those  of  any  other  8e<!tion.    Thomassct  &  Driot,  jj,,^}"™"''*'  '■ 
of  Paris,  exhibited  belts  made  piineipally  of  liair,  said  to    n^r  i«ii«. 


be  more  elastic  and  to  possess  double  the  Btreotrtb  of  leather. 
They  are  made  for  sjiecial  purposes,  and  wouhl  certainly  be 
too  expenHivi'  for  common  use. 

The  mode  of  driving  mills,  factories,  etc,  by  means  of  Driiinn  belt* 
gearinfj;  Heeins  now  to  be  in  a  tiiir  way  of  Ix^iog  abandonee!  in)& 
in  Euroi>e,  and  that  adopted  in  this  country  many  years  ago, 
of  driving  by  main  belts,  substituted  in  its  i»1ace.  Tlie 
power  was  taken  from  many  of  the  lar(;e  stationary  steam- 
engines  running  in  the  Exposition  by  hempen  ropes  of  2 
inches  diameter,  tbe  fly-wheels  on  tbe  engines  and  the]>ulleys 
receiving  the  jiower  being  gnnived  for  the  ropes.  Each  rope 
26  P  B VOL  4 
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j^^|5^*»"*""  in  eaiil  to  Iw  caimble  of  delivering  23  borse-power  when 
moviug  at  a  velocity  of  2,00U  feet  per  minute.  The  use  of 
ropea  is  reeoniineiidctl  because  tliey  ore  clieap  iu  first  cost, 
because  thej  are  liglit  hihI  durable,  many  of  tliem  haviog 


been  in  constant  use  for  ten  years  witiioat  material  dete- 
rioration. 

In  conclusion,  I  liave  to  say  tbat  I  regret  being  unable  to 
get  more  out  of  tliis  great  collection  of  machinery  tbat 
would  be  practically  usefal  to  our  mecLanics. 

WM.  T.  POBTBB, 
Additional  Commiaaiontr. 
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There   were  nearly  six  hundred    exhibits  in  Class  26    Number  of  ex. 
(Horlogerie),  more  than  fonr-fifths  of  them  being  contrib- 
utetl  by  France  and  Switzerland.     The  other  countries 
represented  were  England,  Austria,  Spain,  Denmark,  Bel-    conntricsoom- 
gium,  Holland,  Sweden,  Italy,  Itussia,  and  the  United  States 
of  America.    France  and  Switzerland  presented  collective    ^„  ..^*'^*o2l^» 
exhibits  of  their  watch  manufacture,  but  no  collective  ex-FninceandSwit. 

'  zerlaiitL 

hibits  were  made  in  this  class  by  the  other  countiies,  for  the 
sim[>le  reason  that  the  number  of  entries  from  each  was  noi 
sufficient  to  constitute  such  a  display.    The  United  States 
had  but  six  entries  in  the  t?lass.    There  were  three  exhibits    Uxuted  stat«» 
of  clocks,  the  Seth  Thomas  Clock  (.'Ompany,  the  Ansonia      ScthThomM 
Clock  Company,  jind  the  house  of  F.  Kroeber  being  repre-    kkw^S^^ 
sented.    There  was  but  one  exhibit  of  watches—that  from 
the  factory  of  the  American  Watch  Company — and  its  Amorican 

magnitude,  variety,  and  excellence  attracted  general  atten- 
tion.   Hagstoz  &  Thorpe  had  an  exhibit  of  watch  cases  of        Hogstox  & 
peculiar  ('onstmction,  and  E.  J.  Meybridge,  of  San  Francisco,        k.  j.  Moy. 
a  pneumatic  clock.    This  completes  the  list  of  American  ex-  ^^^^ 
hibitors  in  Class  26.    The  six  exhibits  receiveil  no  less  than 
six  awards. 
The  awards  to  American  exhibitors  were  as  follows:  „  .,  AY^"^ 

Umtttd  States  ex* 

/^  ij       J  1  hibltora. 

Gold  midal, 

Aiuiirk'aii  Watch  Company Walthain,  Mass. 

Silver  medal, 
8«th  Thoniai}  Clock  Company New  York,  N.  Y. 

Bronze  meddla, 

AuHoiiia  Clock  Company AnHOuia,  Conn. 

CharleH  Vander  Woenl  (Collaborator),  of  the  American  Watch  Com- 
pany  Waltham,  Mass. 

Hagnt<>7i  &  Thorpe Philadelphia,  Pa. 

Honorable  tHeniion. 
F.  Kroeber Now  York,  N.  Y. 

Owing  to  the  difficulty  of  properly  demonstrating  the 
work  of  the  curious  and  minute  special  machinery,  by  the 

405 
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Comparison  of  attendance  of  skilled  and  accustomed  operatives  in  a  for- 

the       American  .  *^ 

Watch      Com  elffu  couutrv,  the  Amencan  Watch  Company  did  not  repeat 

ry'8     exhibits      "^   .  \         „  r»  .       ^  .,-..,         ^         i_         • 

Philadelphia  the  interesting  feature  of  its  Centennial  display  by  snowing 

^    "  the  watch  in  process  of  manufacture,  but  restricted  itself  to 

an'  exhibit  of  the  finished  watch  in  many  forms  and  of  the 

various  parts  ready  for  assembling. 

Theexhibitspf     Naturally,  the  exhibits  of  France  and  Switzerland  were 

iserian4  the  most  much  morc  extcusive  than  those  of  the  same  countries  in 

extensive.         ^g^^     ^j^^  exhibit  of  Fraucc  was  noticeably  in  advance  of 

any  previous  display  of  that  country  in  horology.  The 
watchmakers  of  the  Departement  du  Doubs  and  the  clock- 
makers  of  Paris  were  well  represented,  the  latter  winning 
the  admiration  of  the  jury  ibr  the  beauty  and  perfection  of 

Pendvudevoy-ihm  work.  T\\(i  peudule  de  voi/age,  or  traveling  clock,  was 
"^**  displayed  in  great  variety  by  many  exhibitors  and  there 

Tower  clocks,  werc  fiue  spccimcus  of  heavy  clocks  for  church  towers  and 
similar  places,  and  of  clocks  that  would  operate  for  long 
periods  with  a  single  winding.  Clocks  to  run  a  month  were 
numerous,  and  there  were  several  that  would  run  a  year. 

Clocks  for  nin-  Ouc  cxhibitor  prcscntcd  a  clock  that  needed  to  be  wound 
wuSoStwKding*  but  oucc  iu  fifty  years,  and  another  a  clock  with  a  compli- 
(jation  of  springs  that  was  guaranteed  to  keep  it  in  opera- 
tion for  a  thousand  years.  Owing  to  the  brevity  of  the  ex- 
hibition and  other  causes  the  jury  was  unable  to  make  a 
l)ractical  test  of  the  correctness  of  the  claim  in  these  two 
cases.     There  were  clocks  propelled  by  water,  others  by 

Electric  docks,  electricity  in  several  ways,  and  clocks  that  moved  orreries 

Orrorios.  ^^f  great  comprehensiveness  and  elaborate  construction.  In 
ciocki.^*^"™*^^  ^^®  Austrian  section  the  pneumatic  apparatus  designed  to 

operate  dozens,  hundreds,  or  even  thousands  of  clocks  in  all 
])arts  of  a  large  city  was  exhibited,  and  an  arrangement 
that  somewhat  resembled  it  was  brought  to  the  American 
section  too  late  to  be  entered  for  competition,    in  the  French 

Metric  system  scctioii  thcrc  was  a  clock  ou  the  decimal  system  5  it  divided 
the  day  into  ten  hours,  begining  at  midnight,  and  this  hour 
was  then  divided  into  tenths.  The  tenths  of  hours  were 
divided  again,  and  then  there  was  another  division  of  tenths 
that  brought  the  measurement  of  time  down  to  a  fine  point. 
The  clock  was  well  constructed  and  the  principle  on  which 
it  was  built  wa«  easy  of  comprehension ;  it  was  a  natural 
outgrowth  of  the  metric  system  of  weights  and  measures, 
but  did  not  meet  with  favor  in  the  eyes  of  the  jury. 

b  Stipes  imdcsm-     '^^^  Swiss  exhibit  was  arranged  according  to  cities  and 
«««»•  cantons,  so  that  the  stuxly  of  the  work  of  any  particular 

section  was  greatly  facilitated,  and  the  same  was  the  case  to 
a  less  extent  in  the  French  section.    The  manufacturers  of 
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watches  in  the  D6partement  du  Donbs  sent  nearly  twohun-  d^J^°**'°***° 

dred  separate  lots  for  making  up  their  collective  exhibit, 

but  many  of  the  lots  were  very  small  and  of  little  value. 

The  French  watches  were  not  conspicuous  for  their  excel-      cbaractor  of 

,  .,,         .  ,  ,  ,,  1    French    watohe* 

lence,  either  m  movements  or  cases,  and  the  same  remark 
will  apply  to  some  of  the  Swiss  productions.  The  most 
creditable  watches  in  the  Swiss  section  were  from  Geneva,  and  swIm 
with  a  few  exceptions,  while  the  best  from  the  French  mak- 
ers were  from  Paris  rather  than  from  Besanyon.  Watches 
of  a  high  order  were  presented  by  Audemars,  Ekegren,  and 
other  Geneva  makers,  and  watches  equally  good  by  Leroy, 
of  Paris.  Some  of  the  specimens  were  a  marked  advance 
over  anything  shown  at  previous  exhibitions,  but  on  the 
other  hand  there  were  many  exhibits,  more  than  a  majority, 
that  evinced  no  pro;iress  whatever.  The  endeavor  to  make  watchoa  with 
a  watch  that  would  perform  many  functions  seems  to  have""*^  °°*^  **"^ 
reached  its  limit  in  1878.  Watches  that  would  tell  the  days 
of  the  month  or  week  and  show  the  changes  of  the  moon  were 
in  abundance,  but  they  are  far  from  new,  as  the  ])rinciple  was 
adopted  many  years  ago  in  the  Dutch  clocks  that  are  to 
be  found  in  many  houses,  where  they  have  stood  half  a  cen- 
tury and  more.  There  were  watches  that  would  sound  Alarm watohon. 
alarms  at  a  given  time,  not  only  by  the  old  system,  but  by 
the  discharge  of  a  i^istol  or  letting  a  heavy  body  fall  to  the 
floor.    There  were  watches  that  would  show  the  difference      Comparative 

tiiuo  wtttchos 

of  time  between  any  two  or  more  of  the  great  cities  of  the 
world,  and  there  was  one  watch  that  setMned  able  to  rival 
the  performance  of  Bowditch's  Navigator  in  working  prob- 
lems of  latitude  and  longitude.    There  was  a  watch  no  Minutowatohoa. 
larger  than  a  silver  dime  that  was  certified  to  be  an  excel- 
lent timekeeper,  and  struck  the  houi-s  and  half  hours ;  and 
there  was  another  watch  that  siiowed  how  energy  and  intel- 
ligence may  be  wasted.    The  entire  movement  was  of  rock    wat45h  of  rook 
crystal;  the  maker  had  been  five  years  over  its  construe- *''^'*^ 
tion,  and  admitted  that  it  was  not  a  good  time-piece  and  that 
he  never  expected  it  would  be.    Tn  the  Russian  section  there 
was  a  clock  which  had  occupied  its  maker  twenty  years  to    Muaicaiwatch. 
construct;  it  had  a  musical  attachment,  and  when  in  opera- 
tion it  set  in  motion  a  lot  of  dancing  figures  and  caused  buds 
and  flowers  to  open  and  close. 

The  single  exhibit  of  watches  in  the  American  section  at-    intereat  in  tho 
tracted  more  attention  than  any  other  display  in  horology,  iSS^S^^""^^ 
partly  owing  to  its  extent,  but  mainly  to  the  fact  it  was  an 
exposition  of  the  jiroduct  of  machine  work.     In  France  and 
Switzerland  but  little  machinery  is  used,  and  the  few  ma- 
chines now  in  operation  are  either  of  American  manufacture 


^1  ■-      I  - 
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method  of  ^Steh!  ^^  copics  of  the  inventions  of  Americans.    The  castom  of 
««k*»K-  those  countries  is  to  make  the  different  parts  of  a  watch  in 

almost  as  many  shops  as  there  are  pieces,  and  it  is  safe  to  say 
that  (here  is  not  and  never  has  been  an  establishment  either 
in  En^claud  or  on  the  C\mtinent  where  the  whole  work  of 
makin<;  a  watch  is  i>erformed  under  one  roof.  Sometimes 
Divided  hand-  the  pliu'cs  of  mauufacturc  are  tar  apait,  and  the  workmen 

labor    in    many  *  x-        7 

hoiweic  emjiloyed  on  one  kind  of  i)ieces  never  see  or  hear  of  those 

enga<;red  on  another.  A  man  who  calls  himself  a  mana- 
facturer  buys  a  quantity  of  the  finished  pieces,  and  then 
jj:r()U]>s  them  together  to  form  a  watch,  and  a  great  deal  of 
filing  and  polislung  is  necessary  to  make  tbe  different  partx 
fit  each  other.  Ea(jli  workman  must  have  his  profit,  how- 
ever small,  and  this  amounts  to  a  considcnible  sum  when 
multiplied  by  the  number  of  i)erson8  engaged  on  a  watch. 
Tben  the  manufacturer's  i)rofit  must  be  added,  and  alto 
gether  they  ser\'e  to  bring  the  product  to  a  high  price  a« 
com])ared  with  its  worth. 
American  lua-     lu  tlic  machine  systcm,  established  by  the  American  Watch 

chine  Bystpm.      Company,  the  parts  of  the  watch  are  all  made  by  machines 

in  tin*  factory  of  (he  concern ;  from  the  crude  material  to 

the  finished  movement,  beating  time  by  regular  pulsatiouH, 

TiiowhoKwork  the  wholc  opcmtioii  is  concluded  within  the  compass  of  u 

Tmo     eHtabiiHii-  Single  sct  of  brick  walls.    At  the  outst»t  the  purchase  of 

™*™ '  the  material  gives  room  for  a  <!onsiderable  saving,  as  the 

bniss  and  other  metals  neciled  for  a  dozen  watches  must  nec- 
essarily be  much  higher  in  proi)oition  than  the  same  arti- 
cles for  ten  thousand  watches.  Then,  if  the  ten  thousand 
can  be  constructed  (m  the  sjime  model  and  with  no  varia- 
tion whatever  in  tlie  i<lentical  parts,  the  cost  of  making  the 
Parts  made  lo  vaiious  picccs  iicccssary  to  the  formation  of  a  watch  will  hv 

^^^  considiTably  reduced.    The  principle  adopted  by  the  Amer- 

ican Watch  Company  is  the  same  that  has  long  been  ap- 
The  Ammcan  plied  to  the  maiiufacturc  of  fire-arms,  sewing  machines,  ag- 

tin.arnin.fiewin;;-  ricultuml  implements,  and  other  things  l>oth  in  this  country 

inarhini**,  &r.  1   •      i>«  -r^  1       1   'x  •     •      •       a  •        • 

and  111  KuHipe.    It  had  its  origin  in  America  m  consequence 

of  the  high  price  of  lal)or,  which  compelled  manufacturers 

to  dt»vise  some  mo<le  of  ctmipeting  successfully  with  the 

Lur^  reauitH  <.]u^-ii)er  labor  of  Eui-ope.    Machines  that  with  the  ussist- 

liv  labor  of  out'  *  ■  1       /i    . 

onr  man  on  a  niwo  of  oiic  mail  could  do  tlic  work  of  fivc  or  ten  were  the 

nachino.  %     %       ■*    %  ••  ^'j-w-*- 

result,  and  the  labor  comiu'tition  was  achieved.  But  it  was 
found  that  the  machine  did  better  work  on  the  average  than 
the  skilled  workman,  or  rather  that  there  was  no  average 
about  it,  since  each  i>iece  that  the  machine  turned  out  was 
.VBMwbiinc.  exactly  like  ever>-  other.  The  various  parts  for  a  thousand 
rifles  could  be  thi-own  in  a  heap,  and,  on  picking  out  enoagb 
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to  form  a  single  rifle,  they  were  foaud  to  fit  perfectly,  a  re-  Assembling. 
suit  that  could  never  be  accomplished  under  the  old  system 
of  hand  labor.  This  was  an  unlooked-for  advantage  ;  the 
inventors  of  the  machinery  had  thought  only  of  saving  la- 
bor, and  it  is  doubtful  if  a  single  one  of  them  in  the  early 
days  had  ever  considered  the  possibility  of  a  machine  (hat 
would  do  better  work  than  the  skilled  artisan. 

A  general  description  of  the  American   Watch  Com- ^^^J5j^|JJ"«|^ 
pany's  works  at  Waltham,  Mass.,  and  an  occount  of  the y^„  ^^  g«>°p 
sequence  of  operations  in  detail,  maybe  found  in  the  report 
by  the  present  writer  as  Chairman  of  Group  XXII  on  the 
International  Jury  at  the  Centennial  Exhibition  at  Phila- 
delphia, 1871).    Pages  40  to  53,  Report  of  Group  XXII. 

When  it  was  proposed,  thirty  years  ago,  to  apply  this  sys-    ^^^  •ttempt 
tem  to  the  manufacture  of  watches,  the  scheme  was  received  t^j^PPtJ^^^J,^ 
with  incivdulity.    Machines  might  construct  the  parts  of  a™'*^*'*^- 
rifle  or  a  sewing  machine,  a  reaper  or  a  locomotive,  but  they 
could  never  perform  the  deliciite  operations  needed  for  the 
manufiu^ture  of  a  watch.    How  could  a  machine  be  made  to 
turn  out  scrcMis  so  small  that  a  microscope  is  necessary  to 
examine  them  distinctly,  and  wheels  of  such  dimensions  that 
the  variation  of  the  thousandth  of  an  inch  would  seriously 
aflfect  their  action?    Especially  inciedulous  was  the  watch- 
making world  of  England  and  the  Continent,  and  the  fail- 
ure of  the  new  enterprise  wa^  confidently  predicted.    It 
began  in  1850  by  the  organization  of  the  "Boston  Watch ^^^*on  ^^^ 

^  ^  Oompany,  1850. 

Company,^  with  a  lactory  at  Roxbury  and  later  at  Waltham. 
The  incredulous  were  right,  and  the  enterprise  became  bank- 
rupt in  a  few  years.  The  watchmakers  of  Switzerland  had 
heard  of  the  enterprise  with  some  misgivings,  but  they  were 
not  seriously  alarmed,  and  when  the  crash  of  the  Boston 
Watch  Company  came  in  1857  it  was  nothing  more  than       raiinro  and 

*        •  ^  causa 

they  expected.  The  cause  of  this  failure,  however,  is  not  to 
l)e  ascribed  to  the  system  which  it  was  the  endeavor  of  the 
originators  to  introduce,  but  to  lack  of  management  and  to 
the  great  crisis  of  that  year,  sinister  to  so  many  commercial 
and  industrial  enterprises.  But  the  purchase  of  the  prop- 
erty by  R.  E.  Kobbins,  of  New  York,  for  the  firm  of  Apple-  ^^^®^|jjj^ 
ton,  Tracy  &  Co.,  and  the  subsequent  organization,  under  Tracy  &  c&. 
the  laws  of  Massachusetts,  of  the  American  Watch  Com-^  ^  ^Am«»<»» 

^  WfttchCoini»ciiv. 

pany,  with  a  capital  of  §2(M),000,  showed  that  there  were 
other  Americans  than  the  unfortunate  pioneers  who  believed 
that  watches  ciould  be  made  by  machinery.    From  this  be- 
ginning has  grown  the  present  establishment,  with  a  capital    Capital 
of  »1, 500,000  and  a  surplus  of  $500,000,  tliat  employs  1,300    !•«*«• 
persons  and  turns  out  in  a  single  year  150,000  watch  move-    Product*. 
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po^S?**^iSSi  «^®iit«  and  half  that  number  of  cases.    Before  1850  all  the 
to  1850  pocket  time-pieces  used  in  America  were  imported — the  far 

greater  part  of  them  from  Switzeriand — and  for  several 
years  the  importations  were  very  little  affected  by  the 
American  manufacture.  But  the  business  grew  and  pros- 
pered, as  it  was  found  that  the  American  watch  was  better 
Superiority  of  than  thc  foreign  one  at  the  same  price,  owing  to  the  superi- 
machfiiework.    ^^^^^  ^|.  ^^^  machine  work  when  compared  with  hand  labor. 

itedaction  of  Prices  wcrc  rcduccd,  and  it  became  possible  for  a  person  of 
price.  ^^j,^^  moderate  means  to  c^irry  a  reliable  watch  in  his  pocket, 

and  he  had  the  satisfaction  of  knowing  that  in  ca«e  any  part 
of  it  should  become  broken,  duplicate  pieces  were  accessi- 
ble that  would  fit  exactly-.    It  would  only  be  necessary  to 
Duplicating  send  the  number  of  the  watch  to  the  factory,  with  a  descrip- 

damaged  parts.  "^  *^ 

tion  of  the  damaged  piece,  and  thi^  return  mail  would  bring 

the  duplicate,  which  could  be  put  in  place  in  a  few  minutes 

by  the  most  ordinary  repairer  of  watches. 

and^Prenoh^im^     '^^^  Swiss  and  Frcuch  watchmakers  heard  of  the  euter- 

portationB.         pnsc  from  time  to  time,  but  continued  to  deride  it  until  they 

found  that  their  trade  was  falling  off;  the  American  impor- 
tations of  Swiss  watches  were  diminishing  in  spite  of  the 
growth  of  population  and  the  increasing  prosperity  of  the 
country.  Not  onl}'  were  they  losing  the  American  trade, 
but  the  Americans  were  attacking  them  in  other  markets. 
tnido  wrtend^They  werc  selling  watches  in  India  and  Australia,  and  then 
abroad.  ^^^^y  ^(^^t  ^\^i^  their  machine-madc  wares  to  England  and 

opened  a  honse  in  London.  Failure  of  this  enterprise  was 
I)rcdicted  quite  as  confidently  as  the  original  failure  had  been 
predicted  in  1850 ;  but  somehow  it  succeeded,  and  it  was 
Sales  in  En-  not  loHg  before  20,000  to  30,000  watches  were  sold  every  year 
in  England  and  the  prospect  growing  better  every  day.  The 
decline  of  the  imporiation  into  America  of  foreign-made  time- 
pieces is  shown  by  the  following  official  figures  of  the  export 
of  Swiss  watches  to  the  United  States  for  a  period  of  five 
years : 

Importation  of  In  1870 330,000 

Stcmfts'^*'^^'"' In  1671 342,000 

In  1872 36(1,000 

In  1873 204,000 

In  1874 187,000 

In  187{) 134,000 

Tho  swiiMi     These  figures  alarmed  the  Swiss  makers,  and  in  1875  they 
*^"**^  determined  on  a  fine  disjilay  at  Philadelphia  in  the  follow- 

ing year,  and  also  arranged  to  send  some  of  the  most  intel- 
ligent of  their  number  to  repoit  on  the  American  industry 
and  the  causes  of  its  rapid  gi-owth  and  general  success.    On 
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■ 

his  return  to  Switzerland  tlie  Swiss  judge  at  tlie  Centennial  ^TJj^^y"^^co^ 

Exbibition,  M.  Fa\Te-PeiTet,  reported  that  the  American  centonniai;    m. 

manufacture  had  reached   such  a  stage  that  the  United 

States  could  henceforth  be  supplied  without  importations 

from  abroad.    He  openly   declared  that  the  ruin  of  the  ^hu  report  to 

the  Swiss. 

watch-making  industry  of  Switzerland  was  impending  in 
consequence  of  the  competition  of  the  Americans,  and  ad- 
mitted that  he  could  not  point  out  a  remedy.  His  report 
csiused  a  great  sensation  among  the  watchmakers  of  France 
and  Switzerland,  and  as  soon  as  it  was  known  that  the 
American  Watch  Company  would  have  an  exhibit  at  Paris    Exhibit  of  tto 

*  American  Watch 

in  1878  there  was  a  universal  desire  to  see  it.    The  excel-  Company  in  Pa- 

TIB* 

lence  of  the  display  was  freely  lulmitted  both  by  experts  and 

the  general  i)ublic,  but  thi  re  were  many  who  were  slow  to 

believe  that  the  watches  shown  in  the  American  section 

were  made  by  machinery,  and  they  were  staggered  by  the 

iuformati(m  that  a  single  company  should  employ  over  1,000 

workmen,  engaged  in  direc'ting  the  machines  by  which  the 

watches  were  nuule.    The  Jury  of  the  class  was  <'Omposedc,,^gg^**J"'^^ 

of  four  representatives  of  France,  three  of  Switzerland,  one 

of  England,  and  one  of  the  United  States  of  America.    The 

official  examiiiaticm  of  the  American  exhibit  was  left  until 

the  exhibits  of  all  other  countries  had  been  visited,  but 

during  the  period  of  their  labors  the  members  of  the  Jury 

informed  themselves  fully  of  the  character  of  the  American 

display,  for  the  i)urpose  of  making  comparison  with  others. 

By  the  figures  given  to  the  jury,  it  was  shown  that  the        Avoraceof 
watch  mdustry  of  Switzerland  turns  out  an  average  of  40  by  the  Koroiioan. 
watches  annually  for  eacli  workman  employed,  while  the  systomii. 
average  in  the  United  States  is  about  150,  and  therefore 
the  machine,  with  one  man  to  direct  it,  can  perform  the  work 
of  four  men.    The  machine  does  not  demand  any  wages  be- 
yond the  interest  of  the  capital  invested  and  the  outlay  to 
keep  it  in  re])air ;  it  never  enrolls  itself  in  a  labor  union  and 
threatens  a  strike;  and  it  never  spends  an  evening  at  a  cor- 
ner grocery,  to  appe^ir  on  the  following  morning  with  an 
unsteadiness  of  nerves  that  is  particularly  out  of  place  in 
watchmaking.    The  advantage  of  economy  and  excellence       Advantage*. 

of   the   mnchuie 

of  i)erformance  on  the  part  of  a  machine  was  i^ecognized  work. 
by   the  Jury,  and  if  any  of  them  had  been   skeptical,  the 
watches  were  before  them  to  give  testimony  of  the  products 
of  machine  labor. 

It  is  to  be  regretted  that  no  test  was  made  of  the  perform-    no  te«u  mado^ 
ances  of  watches  of  the  higher  grades.    Several  exhibitors  wghOTSiidL.*^ 
asked  for  one,  but  the  Jui^y  decided,  after  careful  delibera- 
tion, that  the  circumstances  under  which  they  were  assem- 
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bled  and  the  short  time  allowed  for  the  peribrmance  of 
their  hiboi^  did  not  justify  snch  a  trial.  Many  of  the  Swiss 
makers  had  the  official  bulletins  of  the  performance  of  their 
watches  at  the  observatories  of  Neuchatel  and  Geneva. 
Value  of  tbeThe  establishment  of  these  observatories  has  done  a  great 

Sfriss     oDscrvn- 

toiy  te»ta  deal  to  Stimulate  the  Swiss  watchmakers  to  reach  a  higher 
degree  of  excellence,  and  it  is  clearly  demonstrated  that 
they  have  made  greater  progress  toward  perfection  in  watch- 
making since  the  observatories  began  their  work  than  ever 
bef<ne  in  the  same  time.     It  is  to  be  hoped  that  the  Govern- 

Astotho United  ment  of  tlic  United  States  will  not  be  altogether  unobserv- 

Sts^B    afford  in  "^ 

mcaniiforofliciaiant  of  the  example  which  Switzerland  has  set;  it  is  highly 
ance.**  ^  °""  desirable  that  an  official  character  should  be  given  to  all 

watches  of  the  highest  grades,  both  as  a  guarantee  to  the 

purchaser  and  a  stimirius  to  the  manufacturer.     In  the 

Swiss  observatories  the  trials  last  for  six  weeks,  and  the 

watches  are  tested  for  position  and  temperature;  the  latter 

includes  both  heat  and  cold,  the  first  being  made  in  an  oven 

Reference  to  fi^d  the  sccoud  iu  a  refrigci'ator.     A  comparison  of  all  the 

lhol5r"^''tho  bulletins  presented  at  the  Centennial   Exhibition,   1876, 

ontftnniai.        showcd  that,  the  American  watches,  in  two  instances,  had 

surpassed  the  best  performances  of  the  Swiss  watches  of  the 

Rijportof  Prof.  Same  grades  in  all  the  various  tests,  an<l  one  of  them  showed 

\Y\^^'''  '   "adiiierence  of  mean  daily  rate  between  the  first  and  last 

week  of  the  trial  of  only  one-hundredth  of  a  second. 

Graiiu:«i  adop-     In  thc  lowcr  gradcs  of  watches  it  was  admitted  by  many 

in   Franco  aniiof  the  Swiss  and  French  nmkers  that  machinery  could  be 

made  of  great  advantage,  and  some  of  them  have  been  using 

it  for  this  purpose.    One  lirm  in  France  has  adopted  the 

Amcri(;an  system,  and  is  turning  out  a  large  number  of 

watches  by  means  of  it,  but  they  are  only  of  the  very  lowest 

order,  and  considerably  inferior  to  the  cheai)est  watches  of 

the  American  Comi)anj'.    The  work  is  of  the  rudest  char- 

TJawiinniakinsacter,  and  thcrc  is  very  little  attempt  at  finishing  the  parts 

:a  cheap  and  com-  ,,  ...  *         ^_,  .  ,••«  . 

montvau-h.        SO  that  they  will  run  smoothly  against  each  other.    Several 

firms  in  Switzerland  are  using  machinery  in  a  small  way, 
but  it  is  uni)opular  with  their  workmen  in  consequence  of 
its  interference  with  customs  that  have  existed  for  a  great 
number  of  years. 
Compensating     Th(»  Jury  was  much  intei^ested  in  the  compensating  bal- 

v.woenL        '  anc»»  iiivenlcd  by  Mr.  Charles  V.  Woerd,  the  mechanical 

superintendent  of  the  factory  of  the  American  Watch  Com- 
pany, and  promptly  awanled  him  a  medal  as  a  collaborator 
whose  work  deserved  recognition.  The  form  of  compensa- 
tion hitherto  employed  in  the  balances  of  watches  and  chro- 
nometeiB  can  be  made  perfect  only  for  two  critical  temper- 
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atares,  while  for  intermediate  or  extreme  temperatures  the  c.v.wwrd'H 
compeDsation  ia  imperfect.  Devices  called  secondary  or^aia^ao©. 
auxiliary  compensation  have  been  applied  to  remedy  this 
defect  in  a  partial  degree.  The  effect  of  the  temperature 
is  to  modify  the  elastic  force  of  the  spring  as  well  as  to 
change  its  length  and  to  change  the  form  of  the  balance ; 
perfect  compensation  requu'es  that  the  time  of  vibration  of 
the  balance  shall  be  constant  under  all  the  vicissitudes  of 
temperature  to  which  the  instrument  may  be  subjected. 
This  requires  an  arrangement  of  the  parts  so  that  the  mo-  The  problem, 
ment  of  inertia  of  the  balance  shall  maintain  a  constant  nv- 
tio  to  the  moment  of  the  elastic  force  of  the  balance  spring. 
The  law  of  the  change  of  the  effective  elastic  force  of  the 
spring  is  not  absolutely  determined,  but  sufficient  is  known 
about  it  to  make  certain  that  the  compensation  cannot  be 
made  perfect  except  at  two  temperatures.  The  expressions 
of  the  variations  of  these  moments  in  respect  to  the  tem- 
perature give,  when  graphically  represented,  two  curved 
lines,  and  the  adjustment  can  be  made  only  for  the  two 
points  where  these  curves  intersect. 

Mr.  Woerd's  device  consists  in  the  substitution  of  an  en-  i>e«oriptioiL 
tirely  different  arrangement  of  bimetallic  lamina)  in  such 
a  way  that  tiie  ratio  of  the  moments  of  the  balance  and  of 
the  spring  shall  remain  constant  during  all  the  tempera- 
tures to  which  the  watch  or  chronometer  shall  be  subjected 
while  in  use.  He  employs  steel  for  the  inner  lamina,  as 
usual,  but  for  the  outer  he  uses  a  composition  of  higher  ex- 
pansibility than  the  bra^ss  wliich  has  been  hitherto  em- 
ployed. Instead  of  two  parallel  and  connecting  lamina;  he 
uses  only  a  short  arc  of  the  outer  composition,  and  t\m  is 
connected  with  the  steel  in  the  form  of  interineshmg  teeth 
that  are  solidly  fused  to  it^  The  outer  edge  is  turned  down 
so  that  the  edges  of  the  steel  teetii  s(*panite  the  composi- 
tion into  a  succession  of  prisms.  By  this  means  the  action 
is  different  from  that  of  continuous  bimetallic  laminae  in 
avoiding  the  constrained  action  of  the  lainime  and  provid- 
ing for  that  freedom  of  movement  of  the  compensating 
weights  which  is  necessary  to  fulfill  the  sictual  requirements 
of  the  adjustment  for  temperature. 

Another  advantage  which  this  invention  possesses  is  that  Adv^uee. 
it  is  always  possible  to  find  the  teeth  in  the  bimetallic  part 
that  are  necessary,  in  connection  with  the  proper  comi)en- 
sating  weights,  to  make  the  motion  of  these  weights  corre- 
spond with  the  requirements  of  the  balance  spring  for  aa- 
tochronous  vibration  at  different  temperatures.  In  order 
to  lighten  the  steel  rim  and  keep  the  effective  weight  of  the 
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c.  V.  wwrd'8  balance  as  near  the  rim  extremities  of  the  segments  as  pos- 
bftiftncc.  sible,  Mr.  Woerd  drills  one  or  more  holes  in  the  steel  nm, 

and  intermediate  between  the  bimetaUic  part  and  thecom- 
I>ensating  weights,  so  that  the  desired  effect  may  be  pro- 
duced by  a  limited  arc  of  the  two  metals.  This  device  also 
provides  for  a  delicate  adjustment  of  the  i)oise  of  the  bal- 
ance far  more  easily  than  by  the  old  method.  Altogether 
it  is  conlidently  claimed  by  Mr.  Woerd  that  the  mean  error 
under  his  form  of  balance  and  the  manual  adjustment  re- 
quired will  be  reduced  to  a  third  of  that  now  obtaining  un- 
vaiuabhj re- der  thcM>ld  system.  The  results  that  have  been  obtained 
***  by  this  form  of  balance  have  been  most  gratifying.     The 

first  exi)eriments  were  made  with  60  watches  equipped  with 

it,  and  the  reduction  of  time  required  for  adjustment  fully 

justified  the  claim  set  forth  above. 

Fomicrandc«n-     It  frequcutlv  happous  that  an  invention  appears  simnl- 

tomptaat  rosoiv-  taueouslv  in  two  or  more  places,  the  work  of  as  many  men, 

ing  the  problem.  "^  *  '  <■  i 

who  have  been  working  quite  independently  and  generally 
ignorantly  of  each  other  to  ac(;omplish  a  certain  result.  In 
the  present  iuetance  Mr.  Woerd  finds  that  two  Swiss  watch- 
makers have  been  studying  to  make  a  balance  that  should 
obviate  the  defects  of  the  ohl  form,  but  they  have  not  yet 
hit  upon  a  satisfactory  result ;  and  investigation  shows  that 
DisoassioD  in  as  far  back  as  1829  the  question  was  discussed  in  France 

1B20. 

and  Switzerland  and  also  in  England,  and  a  variety  of  de- 
vices for  overcoming  the  difficulty-  were  proposed.  In  all, 
three  men  are  known  to  have  been  at  work,  quite  independ- 
ently, to  construct  a  balance  that  should  give,  at  least  in 
theory,  a  perfect  compensation  for  all  the  natural  temi>era- 
tures  to  which  a  watch  or  a  chronometer  is  subjected. 
Success  in  the  effort  has  been  first  iichieved  by  an  American 
citizen,  and  his  success  is  to  be  attributed,  in  a  measure,  to 
the  system  of  making  watches  by  machinery,  as  the  delicacy 
of  consti'uction  required  for  the  balance  is  not  possible 
except  with  the  mechanism  in  use  at  Waltham. 
Micronioter  A  microiueter  was  shown  at  Paris  by  the  American 
Watch  Company,  which  measured  the  25- thousandth  part 
of  an  inch ;  and  a  pi«per  was  submitted  describing  a  mi- 
crometer screw-gauge  constructing  at  Waltham,  that  would 
detect  inequalities  in  the  thread  of  a  screw  up  to  hundred- 
thousandths. 
Value  of  intor-  Thc  valuc  of  international  exhibitions  in  advancing  in- 
tionn°uuBtroti<i.  dustry  cau  have  no  better  illustration  than  in  the  case  of 
tbe  American  Watch  Company.  \X%  manufacture  and  sale 
of  watch  movements  in  1877,  the  year  following  the  Phila- 
delphia Exhibition,  showed  an  increase  of  about  18  per  cent 
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over  1876,  and  a  statement  recently  received  from  the  man-  tho^eofSSB? 
agers  is  to  the  effect  that  the  bosiness  of  1879  was  an  in-  national  oxhibi- 
crease  of  43  per  cent,  over  that  of  1878,  the  year  that  the 
company  exhibited  at  Paris.  Of  course  a  portion  of  this 
increase  in  1879  is  due  to  the  reviv.il  of  business,  but  the 
same  cause  did  not  operate  in  1877,  and  we  may  safely 
credit  the  half  at  least  of  43  per  cent,  to  the  effect  of  the 
Paris  Exposition.  And  the  increase  is  not  confined  to 
watches  of  the  lower  grades  out  of  the  ten  varieties  produced 
by  the  company.  The  demand  for  the  highest  class  of 
watches  is  even  proportionally  ahead  of  that  for  the  low- 
priced  qualities,  and  indicates  that  the  world  is  learning 
that  it  is  no  longer  necessary  to  patronize  an  European 
maker  in  order  to  secure  an  accurate  timekeeper  for  the 
pocket 

EDWARD  H.  KNIGHT, 

Honorary  Commissioner. 
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[Eztniot  from  the  Official  Clusiilcatlozi.] 
CLASS  64.— RAILWAY  APPARATUS. 

Separate  parts:  Hprings^  buffers,  brakes. 

Permanent  way :  rails,  chairs,  crossings,  switches,  fish-plates,  turn-tables ;  boffera, 
water  cranes,  and  tanks;  optical  and  acoustic  signals. 

Permanent  way  for  tramways. 

Rolling  stock:  wagons  for  i)assenger8,  for  carrying  earth,  goods,  cattle:  locomo- 
tives, tenders. 

Self-moving  carriages;  locomotives  for  roads. 

Special  tools  and  machines  for  the  maintenance,  repair,  and  construction  of  rail- 
ways. 

Apparatus  for  inclined  pianos  and  self-acting  i)lanes;  apparatus  and  euginos  for 
atmospheric  railways;  models  of  engines,  of  systems  of  traction,  of  apparatus  apper- 
taining to  railways. 

Models,  plans,  and  drawings  of  platforms,  stations,  and  engine-houses,  and  other 
buildings  necessary  for  the  working  of  railways. 

[This  report  inclades  a  port  only  of  the  above  snlije^ts.] 
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RAILWAY  APPARATUS  AND  MEANS  OF  TRANSPORT. 


In  few  departments  of  industry  has  there  been  a  larger   Great  improve- 

*  ^  -I     .  1         ment  in  means  of 

or  more  valuable  advance  during  the  decade  just  past  than  transport  durins 
that  which  has  been  accomplished  in  the  introduction  of  new 
and  the  amelioration  of  old  processes,  methods,  and  ma 
chines  for  transporting  the  products,  traffic,  and  tnivcl  of 
the  world.  Even  a  cursory  examination  of  the  railway, 
tramway,  and  marine  exhibits  in  the  sections  of  France, 
Great  Britain,  Austria- Hungary,  Belgium,  Italy,  Sweden, 
and  the  United  States  at  the  Paris  International  Exposi- 
tion would  suffice  to  satisfy  the  observer  that  while  active 
brains  and  skillful  hands  have  been  working  to  great  pur- 
pose on  the  western  side  of  the  Atlantic,  the  inventive  on  both  sides*  or 

*^  ^  tho  Atlantic. 

genius  and  productive  energies  of  Europe  have  been  per- 
haps equally  active  during  the  last  ten  years  in  this  im- 
portant field  of  industry  and  progress. 

The  subject  of  transportation,  as  exemplified  at  the  Paris    wide  range  or 
Exposition,  embraced  the  whole  of  one  of  the  subdivisions  *^® '*"^^®*^*' 
of  the  Exposition,  designated  as  *'  Class  64,  Railway  Ap- 
paratus," a  portion  of  the  exhibits  in  '^  Class  54,  Machines 
and  Apparatus  in  General,"  and  a  large  part  of  the  exhibits 
in  "  Class  G7,  Navigation  and  Life-saving  Apparatus."    The  a J^J/"t?'ffi'Kr%"rt 
subject,  as  briefly  reviewed  in  this  report,  will  be  almost  J^^^JJ*®**"  ">"*"« 
entirely  limited  to  means  of  transportation  upon  land  and 
by  railways. 

.  In  respect  to  the  exhibits  relating  to  this  subject,  as  well 
as  to  those  illustrating  the  condition  of  navigation  in  the 
maritime  countries  of  Europe,  it  may  be  said  generally  that 
the  progress  has  been  marked  and  most  satisfactory,  and  of  S™*  ^'^'tS 
all  it  may  be  predicated  that  this  progress  has  been  more"«*d««^«- 
striking  during  the  past  ten  years  than  in  any  like  period 
since  the  general  introduction  of  steam  as  a  motive  power. 

Much  of  this  advance  may  be  ascribed  to  the  introduc-   canse. 
tion  of  improved  machinery,  of  more  scientific,  more  thor- 
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^*t«^"rdativl^"^^'  ^^^^  more  simple  appliances  and  methods,  and  better 
progrewiofiate.  pjans  of  construction  in  tbe  vehicles  of  both  land  and 

water  transi)ortation;   but  the  most  potent  factor  in  the 
amelioration  which  has  been  accomplished  in  this  depart- 
ment of  human  enterprise  has  been  steel — the  general  intro- 
subBtitntionofduction  of  stccl  material  into  the  construction  of  railway 
iron  y »  tracks,  railway  apparatus  and  locomotives,  and  the  machin- 

(»ry  of  ships  and  boats  propelled  by  steam. 

rovXi  B*°oi  ro-     ^^®  great  benefits  resulting  to  the  world  from  the  cheap- 

cesses.  ening  of  the  cost  of  steel  within  the  last  decade  by  the  more 

Bessemer.       rreucral  introductlou  of  the  Bessemer,  Siemens-Martin,  and 

tin.  Other  analogous  processes  were  conspicuously  illustrated 

Krnpp.  at  Paris.    The  wonderftd  success  achieved  by  Krapp  at 

john^'cockJ-riu  Kssen,  Schneider  &  Co.  at  Creuzot,  John  Cockerill  Soei^t^ 

^it^^^'j    Whit  *^^  Seraing-lez-Li^ge,  Sir  Joseph  Whitworth  &  Oo.  at  Man- 

worth  sc  Co.       Chester,  and  others  in  manufacturing  large  and  perfect  pieces 

in  cast  and  wrought  steel,  of  immense  strength  and  superb 
Increase  in  finish,  has  atldcd  greatly  to  the  power,  the  security,  and  the 

power,   secnnty,  '  o  .7  i.  7  •-  7 

andaurabiiityof^iurability  particularly  of  machinery  for  propelling  ocean 
raiiwavs,' '  and  stcamships,  whilc  the  general  introduction  of  this  metal  in 
^  ° '  the  construction  of  railway  tracks,  engines,  and  rolling 

stock  has  effected  an  immense  and  a  permanent  reduction 
in  the  necessary  cost  of  railway  transportation. 
Example.  A  siuglc  example  out  of  verj'  many  presented  in  the  sec- 

tions of  France  and  Great  Britain  may  be  mentioned  here 
as  indicating  what  has  already  been  realized  from  the  sub- 
stitution of  steel  for  iron,  and  in  some  measure  what  may  be 
expected  in  the  future  from  the  largely  increased  use  of 
the  better  metal. 
DnrabUityofa  A  doublc-headed  steel  rail,  made  at  the  steel  foundries 
of  MM.  Schneider  &  Co.  at  Creuzot,  was  exhibited  by  the 
de  Western  Railway  Company  of  France  upon -the  Oalerie 
la  Bourdonnaye^  an  annex  to  the  French  section.  This 
rail  had  been  in  use,  acconling  to  the  certificate  of  the  en- 
^Life  of  a  steel  ginecr  of  the  railway  company,  for  eighteen  years,  and 

256,000  trains  had  passed  over  it  in  that  period.  The  rail 
had  only  been  used  upon  one  side,  and  that  was  not  yet 
half  worn  away.  It  was  in  an  excellent  state  of  preserva- 
tion, and  was  estimated  to  still  possess  an  expectancy  of 
life,  under  like  conditions  of  wear  and  tear  to  those  expe- 
rienced in  its  past  history,  of  at  least  twenty  years.  When 
anil  of  an  iron  it  is  remembered  that  the  average  life  of  the  iron  rail,  under 

circumstance,s  much  more  favorable  to  longevity  than  those 
just  mentioned,  is  less  than  seven  years,  the  force  of  this 
example  will  be  realized. 
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EAILWAYS  AND  RAILWAY  APPARATUS. 

As  there  is  no  part  of  the  world  where  raibt>ads  have  been  ^^^^^72^  ^JS- 
such  an  important  agency  in  material  development  as  in  the  ^^^  Sf*^*«» 
United  States,  so  it  is  gratifying  to  observe  that  nowhere 
else  has  there  been  greater  progress  in  the  art  of  railway  abreast  of  other 
construction  or  in  the  business  of  railway  administration 
and  management. 

Ot  the  185,000  miles  of  completed  railways  in  the  world  ^^i!''^^'''^^^*' 
in  1878,  nearly  one-half  are  in  the  United  States.    Having 
reference  to  territorial  areas,  this  preponderance  is  very  theUm^sut* " 
great,  but  as  compared  with  populations  it  is  enormous. 

With  vast  regions  urgently  demanding  the  speedy  con-  ^^in^euiJuIhig 
struction  of  new  roads  as  the  line  of  civilization  has  moved  c^^uSSti^*"^  ^* 
across  the  continent,  with  the  needs  of  the  older  settled  por- 
tions of  the  country  not  by  any  means  fully  supplied,  and 
with  that  impatience  of  delay  and  eagerness  of  enterprise 
which  are  characteiistic  of  the  American  people,  it  is  not  sur- 
prising that  there  should  be  much  that  is  crude  and  super-  cruUene^oftS^ 
llcial  in  many  of  the  railway  works  of  this  countiy.    But^a^»  '^nnStnod 
when  we  consider  the  relative  cost  of  construction,  the  wants  country. 
of  a  comparatively  new  and  partially  developed  country,  and 
the  nature  of  the  means  available  for  railway  construction, 
it  will  be  found  that  American  railroads,  in  the  condition  of 
their  permanent  ways  andof  their  rolling  stock,  in  their  sys-a^^Jj^™?"^**^ 
terns  of  administration,  and  in  their  eiiiciency,  will  compare 
fiavorably  with  those  of  any  other  country.    In  many  re- 
gards they  would  not  be  so  well  suited  to  the  countries  and 
X>opulation8  of  Europe  as  the  practice  of  railroad  construc- 
tion and  management  now  usually  prevailing  in  those  coun- 
tries.   Indeed,  the  characteristics,  social  relations,  and  the  to^'and^hubits 
wants  of  the  people  and  needs  of  this  country  are  so  difler-  SSn^Europ^wl 
ent  from  those  of  European  nations  that  it  is  difficult  fairly  p«<»p^®«- 
to  contrast  the  European  railway  systems  with  the  Ameri- 
can.  Particulars  in  which  theirs  would  not  be  at  all  adapted 
to  this  country  render  them  all  the  better  suited  to  the 
needs  of  transatlantic  populations. 

There  are  some  things  in  the  Eui^opean  railway  practice  ^     inferiority 

Ol  £urop(;ftD 

which  strike  an  American  as  mferior  in  convenience  to  the  arranffemcnta  for 
practice  adopted  in  the  United  States,  particularly  their  sengon  and  £^' 
arrangements  for  the  movement  of  passengers  and  their  lug-  ^**** 
gage.    In  Europe  there  is  frequently  a  want  of  co-operation 
between  different  railway  companies  in  the  arrangement  of 
through  tickets  over  connecting  lines  owned  by  distinct  com-  thSSfgh^*  cb^k^ 
panics,  and  the  simple  and  convenient  system  of  tlirough-  *"«  »«fig«g©- 
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checking  baggage  prevailing  in  this  country  is  almost  whoHy 
unknown. 
ArrasfEemcDt     Thcrc  are  other  striking  particulars  in  which  the  practice 

and  ^?fi!S^  ^^^  of  European  railways,  their  management  of  trains,  their 

plans  and  an*angemeut  of  cars  and  coaches  differ  from  the 
American  niilway  system;  but  these  are  only  different,  and 
often  equally  good,  modes  for  reaching  the  same  results 
which  are  obtained  in  America  by  other  and  not  superior 

iwrtmoSS.^  ^**™'  J^^thods.    Their  subdivision  of  their  passenger  coaches  into 

coupes^  or  sectional  compartments,  each  seating  six,  eight, 
or  ten  ])ersons  when  full,  and  having  no  means  of  direct 
communication  with  each  other  or  with  the  other  cars  of  the 
Retiring  roonm.  train ;  their  provision  of  retiring  rooms  at  their  stations, 
instead  of  having  any  such  conveniences  upon  ordinary'  pas- 
senger and  express  trains,  which  appear  at  first  awkward 
and  inconvenient  to  i)ersons  accustomed  to  the  American 
The  European  systcm,  are  not  without  their  advantages.    Their  system  of 

"guard"  as  com-  ,  .  ,        i  ,    , 

psred  with  tho  guards  upou  passcugcr  trams,  who  do  notcontrol  the  move- 
dnctor.'*  mcuts  of  the  ti*ain,  their  position  being  quite  inferior  to  that 

of  the  American  railway  conductor;  of  managing   their 

tr^Mb^T'^aii'^^^^"^  ^y  telegraphic  signals  from  the  principal  stations,  as 

is  the  case  upon  some  lines ;  of  always  requiring  a  passenger 

purch^??!?  uc?-  ^^  bave  a  ticket  before  allowing  him  to  go  upon  a  train,  and  of 

*'^»-  never  aUowing  a  fare  to  be  paid  upon  the  train,  iK>ssess  some 

advantages  over  ours.    When  we  consider  the  character  of 

the  respective  populations ;  the  effects  of  class  distinctions, 

everywhere  so  marked  and  so  recognized  in  the  Old  World; 

Reaajnsforthethe  densitv  of  Europcau  populations  and  the  comparative 

diiTerent      sys-  shortncss  of  joiirncys,  many  of  the  objections  which  at  first 

suggest  themselves  to  the  arrangements  adopted  upon  Eu- 
ropean railways  disappear. 
Giwitprwiftion     There  certainly  is  much  to  admire  in  the  wonderful  wro- 

and  safety  of  the  *^  a  .  *     • 

EuroT>ean  admin-  tem  and  exactucss  with  which  hundreds  of  trains  are  daily 

moved  upon  the  net- work  of  railroads  in  the  vicinity  of  their 
chief  cities.  In  these  vast  centers  of  dense  population  and 
enormous  traffic  the  movement  of  trains  and  the  transpor- 
tation of  i)assengers  and  freight  are  conducted  without  col- 
lision or  confusion,  with  the  regularity  and  precision  of 
clock-work. 
siibRtantJaiand     In  the  couvenieut  arrangement  and  substantial  construc- 

convenient      do-  ^ 

pof«-  tion  of  depots  and  depot  buildings  tho  Continental  and 

British  railways  are  generally  abreast  of  the  very  best  pra<j- 

tice  of  the  strongest  and  best-managed  railroads  of  this 

Proviaions  for  couiitry.    lu  the  regard  shown  for  human  life,  the  provision 

St^^^autCa  Md  made  at  stations  for  crossing  the  tracks  by  bridges  above 

crosamgii.  ^^  archcd  ways  below  the  roadway ;  in  the  facilities  pro- 
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\ided  for  impartiDg  to  travelers  trustworthy  iuforniation  as  o^m^^iS^^i^^. 
to  routes  aud  trains,  and  the  courtesy  of  the  railway  guards  »«•»«  of  officials. 
and  officials,  some  of  the  Eumpean  lines  set  examples  which 
it  would  be  well  for  all  railroad  companies  to  imitate. 

The  general  practice  of  European  mil  ways  was  illustrated  i,ii,i^n'?in  pJriJ 
at  Paris  by  exhibits  from  France,  Austria-Hungary,  Great 
Britain,  Belgium,  Sweden,  Italy,  and  Switzerland.  There 
were  exhibits  from  other  countries  than  these,  but  none 
others  which  could  be  considered  at  all  representative.  It 
is  to  be  regretted  that  the  German  Empire  was  not  repre-  Germany  not 
sented  at  all,  for  it  is  probable  that  the  art  of  railway  con- 
struction, equipment,  and  management  has  been  brought 
to  a  higher  degree  of  excellence  in  that  great  country  than 
anywhere  else  upon  the  continent  of  Europe. 

France,  Austria,  and  Great  Britain  have  been  selected  as    Review  wiu  bt* 
the  countries  whose  railway  system  and  practice  will  be  railway  systems 
briefly  reviewed  in  this  paper.    The  exhibits  at  Paris  from  faia,  amV'Groat 
Belgium,  Sweden,  Italy,  and  Switzerland  were  all  very  in- 
viting and  creditable  to  the  mechanical  and  engineering 
skill  of  those  countries,  and  indicate  a  decided  and  healthy 
advance  in  the  field  of  railway  construction.    It  would  be 
impossible,  however,  in  the  limits  of  this  report,  to  do  full  jus- 
tice to  all,  or  indeed  to  any  one,  of  the  nations  represented ; 
and  this  review,  which  must  necessarily  be,  t<o  a  gi'eat  extent, 
partial,  will  be  confined  to  the  railways  and  railway  appli- 
ances of  the  three  countries  mentioned,  those  of  France  and 
Austria  being  selected  as  representing  the  prevailing,  and 
those  of  Great  Britain  the  most  advanced,  types  of  Euro- 
pean railway  machinery  and  construction. 

FRANCE.  FRANCE. 


The  French  railway  system  date^s  it«  growth  from  the  year  commencement 
1840.    It  was  first  proposed  to  make  all  the  roads  the  prop-  i84o."*  ^^^^ 
erty  of  the  state,  but  by  law  of  June,  1842,  it  was  deter-    Law  of  i842. 
mined  that  the  work  should  be  left  to  private  enterprise, 
supervised  and,  in  i)roper  cases,  aided  by  the  government. 
The  whole  of  the  railroa<ls  of  France  were  classed  under     ciassiflcatiou 
two  divisions,  the  ancien  rSseau,  old  net-work,  and  nou- 
veau  r&ieauj  new  net- work.    The  old  system  embraced  the 
great  trunk  lines,  which,  as  indicated,  were  the  first  built,  rjji™^"'**'**™* 
and  the  new  system  the  lines  constnicted  generally  as  feed- 
ers to  the  trunk  lines.    These  latter  were  often  built  rather 
from  considerations  of  public  utility  than  from  any  expecta- 
tion of  dividends  upon  the  money  invested  in  their  construc- 
tion.   The  roads  of  this  latter  class  were  aided  by  a  govern-  Subventionsfor 

the  lAtter  class. 

ment  snbvention  in  the  shape  of  a  guarantee  of  4  per  cent. 
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'^"^xcE.       interest,  with  0.65  per  cent,  additional  per  anuuin,  as  a  sink- 
ing fund  for  the  extinguishment  of  the  principal  sum  in- 
vested. 
Fronch^Suwayl     ThcFC  WCFC  23,895  kilomcters  (about  15,000  miles)  of  corn- 
in  1878.  pleted  railway  in  France  in  1878,  an  increase  of  8,000  miles 

since  18GG.    In  1875  there  were  12,400  miles  completed.    The 
itociiptft  lor  1878.  ^^xai\  gross  Tcceipts  of  all  the  railway  companies  of  France  for 

that  year  were  $163,847,105.  The  average  receipts  per  mile 
for  that  year  were  $13,132.  Maximum  receipts  per  mile, 
those  of  the  Northern  Riulway  Company,  "old  net- work," 
were  $30,032 ;  and  the  minimum  receipts  (on  some  of  the 
minor  roads  of  the  "new  net- work")  were  for  the  same  year 
less  than  $1,300.  These  returns  present  a  view  of  a  very 
well-conducted,  steadily  increasing,  and  fairly  remunerative 
traffic. 

The  railway  rolling  stock  and  fixtures  of  the  French  rail- 
way companies  have  about  kept  pace  with  the  extension  of 
the  lines  of  old  roads  and  the  construction  of  new  lines. 
iDcn  :i»(>(i  ex-     Siucc  1806,  notwithstanding  the  losses  occasioned  by  the 

tent  of  railwavB  ..,^  .,  ^.i  ^  «  -^ 

aind  roiiin-  stork  war  With  Germany,  the  general  railway  system  of  France 

has  been  increased,  exclusive  of  Alsace  and  Lorraine,  about 
64  per  cent.  The  increase  in  the  number  of  locomotives  has 
been  54  per  cent.,  in  the  number  of  passenger  cars  41^  per 
cent.,  and  in  the  number  of  freight,  platform,  and  con- 
struction cars  69  i)er  cent. 

i/rivI^ontH'iS     ^^®  principal  improvements  to  be  observed  in  the  con- 
way  and  pLmt.    structiou  of  the  permanent  way  of  the  French  roads  are  the 

substitution  of  steel  rails  for  iron ;  the  general  introduction 
of  fish-bars;  the  use  of  cross- ties  which  have  been  treated 
with  creosote,  sulphate  of  copper,  or  some  of  the  other  pro- 
cesses for  preserving  them  from  decay.  Experiments  have 
also  been  made  by  some  of  the  companies  in  the  use  of  metal- 
lic cross  I  ies  with  some  promise  of  success.  Progress  in  the 
following  particulars  is  also  worthy  of  mention : 

f^^^^ib***^'*^^^     (^)  ^^^  introduction  of  improved  systems  of  signaling, 
nnmriig trains,    by  a  Combination  of  the  "  block"  with  the  telegraphic  sys- 
tem of  signals,  so  that  the  movement  of  the  switches  by  an 
automatic  arrangement  will  necessarily  correspond  to  the 
signals  given. 

(2)  The  general  use  of  the  block  system  upon  the  fre- 
quented sections  of  the  roads. 
EUctiicrtignai8.     (3)  The  usc  of  clectricity  in  maneuvenng  the  different 

signals. 
inipn)vca  bai-     (4)  The  general  introduction  of  a  better  and  more  thor- 
ough system  of  ballasting  their  roads. 
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The  chief  points  of  progress  in  locomotive  construction  _    f^^cm. 
are — 

(1)  The  general  use  of  heavier  and  more  powerful  engines    ]^crfimoiii«i«tj 
than  those  formerly  used,  having  4  wheels  coupled,  of  large  comotivea. 
diameter ;  designed  especially  for  exx)ress  and  fast  passen- 
ger trains. 

(2)  The  substitution  of  steel  for  iron  in  a  great  number  <>i  gtee^^tir Tron  "' 
the  parts  of  the  engine.  engines. 

(3)  The  use  of  the  waste  steam.  ^J^«';  «*'  ^'"^^^ 

(4)  The  improved  arrangement  of  the  fire-grate  and  fire-  Ecouomy<iffu»;i. 
box  for  the  economical  use  of  the  various  kinds  of  fuel. 

In  the  construction  of  passenger  coaches  there  have  been    Euisirgemeutoi 

.        ,  ,  «    ,  ,   *°d    increase   of 

important  improvements  m  the  enlargement  of  the  space  al-  comfort  in  p«h. 
lotted  to  each  passenger,  in  the  provision  made  for  the  com- 
fort of  passengers  upon  the  journey,  in  the  furniture  of  the 
coaches,  and  in  the   mode  of  suspending  them  upon  the 
running  gear. 

'^ Slee]iing-cars''  have  been  intix)duced  ui)on  some  of  the  sieepingrara. 
lines.  A  marked  improvement,  as  yet  but  limitM  in  the 
extent  of  its  introduction,  is  to  be  noted  in  the  arrange- 
ments for  warming  coaches  of  all  classes.  Nevertheless,  the  Car-warminir. 
troublesome  and  exceedingly  inefficient  method  of  warming 
the  cars  by  pans  of  hot  water  is  still,  strange  to  say,  re- 
tained upon  nearly  all  of  the  trains,  and  upon  all  of  the 
lines  of  French  railways. 

Iron  is  being  largely  substituted  for  wood  in  the  construe-    Sabatitution  of 
tion  of  freight  cars  and  of  the  frames  of  passenger  coaches.  cai«.  ^^  "*"  *° 

Cross-ties.  crotttu'M. 

General  dimensions  on  all  roads  of  standard  gage :  Ijcngth,  Dimenaioun. 
9';  width,  8";  thickness,  0''.  They  are  frequently  sub- 
jected to  some  one  of  the  many  patent  processes  for  pre- 
serving them  from  decay.  Oak,  beech,  fir,  and  pine  are  Material, 
used.  The  last  three  are  the  varieties  subjected  to  the  pre- 
serving process.  Creosote,  sulphate  of  copper,  and  bichlo-  PreservatiTPa. 
ride  of  zinc  are  some  of  the  preservativ^e  preparations  in 
use — creosote  and  sulphate  of  copper  by  the  pneumatic 
process,  bichloride  of  zinc  by  pressure  prolonged  for  a  con- 
siderable time.  At  the  Oalerie  de  la  Bourdonnaye^  upon 
the  Champ  de  Mars^  there  were  exhibited  a  number  of  pine 
cross-ties  which  had  been  treated  with  creosote,  and  which 
had  been  in  actual  use  upon  the  Southern  liailway  of  France 
for  i)eriods  ranging  from  eight  to  twenty  years,  and  another 
lot  which,  after  being  treated  with  sulphate  of  copper,  had 
been  used  for  fifteen  years ;  and  pine  telegraph  poles,  which, 
after  being  subjected  to  a  like  treatment,  had  been  used  from 
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Spikes. 
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twenty  to  twenty-five  years.    All  of  these  were  still  in  a  per- 
fect state  of  preservation. 

Spikes, 


scrcwftpikes.      The  method  at  present  generally  adopted  for  fitstening 

down  the  rails  is  by  the  screw-spike,  a  hole  being  first 

lurity  of  driven  bored  in  the  wood.    It  is  rare  that  the  driven  spike  is 

■pikes. 

substituted  for  the  screw,  though  this  is  dono  upon  the 
lines  of  the  Northern  and  Eastern  Railway  Companies  of 
France.  To  insure  the  careful  screwing  of  the  screw-spike 
a  projecting  point  is  provided  upon  the  head  of  the  spike, 
to  act  as  a  '^  tell-tale  "  should  the  workmen  strike  it  with  a 
hammer  in  order  to  drive  it  home. 


FishjainU. 


Axlet. 


Fish-joints. 

Fish-joints  are  generally'  used  in  France,  as  elsewhere  in 
Europe,  whenever  the  shape  of  the  rail  will  admit.  Four 
bolts  are  used  to  each  joint.  The  nuts  are  sometimes  held 
in  place  by  keys  through  the  end  of  the  bolt,  but  usniilly 
two  nuts  to  each  bolt  are  preferred. 

Axles. 


Though  these  would  be  perhaps  moi'e  appropriately  con- 
sidered in  another  connection,  they  will  for  convenience  be 
(uirenK^nu^^^f^^^^*^  here.    The  French  specifications,  as  enforced  by 
axii'j*.  most  companies,  require  the  axles  to  be  of  charcoal  wronght 

iron.    The  pile  is  made  of  puddled  blooms,  and  the  greatest 
care  is  observe<l  in  the  several  processes  adopted  in  forging 
the  axle  from  these  blooms.    When  finished  each  axle  is 
Teata.  subjcctcd  to  a  scverc  test.    It  is  placed  upon  supports  and 

subjected  to  blows  of  a  block  weighing  800  lbs.  falling  from 
a  height  of  15'  upon  the  middle  of  the  axle;  the  blows  to 
be  repeated  until  the  axle  takes  a  set  of  0.98^  between  the 
supports,  which  latter  are  about  4.G'  apart  The  axle  is 
to  be  then  straightened  and  show  no  cracks. 


M.  viiicvort.        M.  Villevert,  the  French  engineer  and  railway  constructor, 
in  a  recent  essay  upon  the  subject  of  cheap  railways,  states 
that  the  experience  of  France  in  the  matter  of  railway  de- 
velopment has  shown  that  each  mile  of  railway  exploiter}  in 
that  country  has  resulted  in  an  annual  increase  of  the  gov- 
Benefits  coucrnmcnt  revenues  from  the  country  traversed  of  $250,  and 
fttructiou  of  rail-  iu  a  saviug  iu  the  cost  of  transportation  of  $2,500  per  an- 
waysin  France.  ^^^  ^^  ^^^  ve^^ion  through  which  thc  road  is  built 
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The  railways  of  Prance  give  employment  to  nearly  183,000       '^^^^c'- 
persons,  including  all  grades  of  the  service,  or  about  12.6   Number  of  rail- 
employes  for  each  mile  of  railway  in  operation.    As  com-  ^ic"^  ***  " 
pared  with  England  and  Prussia,  the  number  of  persons  njji^"/^^®^^^*  p®' 
in  the  service  of  the  railway  companies  in  Prance  is  asPruM»a.      Eng 
follows :  In  Prance,  12.6  per  mile ;  in  Prussia,  11.6  per  mile; 
and  in  England,  12.1  per  mile. 

Theseemploy^s  are  distributed  among  the  different  depart-    Di«tribution  of 
ments  of  the  Prench  railway  service  as  follows :  Adminis- 
tration, 2  per  cent. ;  repair  and  construction  of  road,  30  per 
cent. ;  repair  and  construction  of  rolling  stock  and  locomo- 
tives, 31  per  cent;  movement  of  trains,  37  per  cent. 

The  mean  velocity  of  passenger  trains  in  Prance  is  re-  Speed  of  trains. 
l)orted  as  being  32  miles  an  hour  at  full  speed ;  the  velocity 
of  the  vaiious  classes  of  trains  under  full  speed  being  as 
follows : 

Express  trains,  37  to  46  miles  ][>er  hour;  ordinary  trains, 
30  to  37  miles  per  hour ;  mixed  trains,  23  to  31  miles  per 
hour;  freight  trains,  11  to  15^  miles  per  hour. 

AU8TBIA-HUX 

AUSTRIA-HUNGARY.  oaky. 


The  railway  system  of  Austria  proper  embraced  on  the  Extent  of  rail. 
1st  of  January.  1878, 6,962  miles  of  completed  railway:  that  ^*^*' 
of  Hungary,  4,184  miles ;  or  11,146  in  both  together,  or  1 
mile  of  railroad  for  every  22  miles  of  territorial  ar^a.  The 
quantity  of  railway  material  needed  for  these  lines,  without 
reference  to  the  wants  of  projected  roads,  is  considerable ; 
but  since  the  general  depression  which  has  affected  inju- 
riously all  branches  of  business  in  Austria-Hungary,  as  else- 
where, production  has  been  limited  to  what  was  indispens- 
able. 

In  the  maintenance  of  the  permanent  way,  supplying  Permanent  way 

'  ^  supplied  from  de- 

rails and  cross-ties,  the  domestic  product  is  reported  to  have  mestic  soarces. 

been  latterly  entirely  sufficient  for  the  wants  of  the  roads ; 

and  the  Austrian  and  Hungarian  railway  companies  seem 

to  have  attained  a  condition  of  independence  in  the  matter 

of  producing  at  home  nearly  everything  needed  for  the 

building  or  working  of  their  lines.    The  improvement  in 

this  regard  has  been  marked  in  the  last  few  vears.    The  im-    Decrease  of  im- 

ports  of  railway 

portation  of  railway  material  into  the  country  was  in  1872  material. 
65,000  tons;  while  in  1876  the  exportations  exceeded  im-   Exports  in  isrc. 
ports  by  1,700  tons.  .The  excelleuce  and  cheapness  of  the 
product  of  cross-ties  from  the  Austrian  forests  have  pre- 
vented any  importation  of  material  of  that  description. 

The  product  of  rails  was  in  1870  105,277  tons,  since  which      Production  of 
time  there  has  been  some  diminution ;  but,  by  reason  of  the"^ 
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^^«™^^;"^'-    introduction  of  Bessemer  steel,  the  marked  improvement  in 
quality  has  largely  comi>eusated  for  the  fiilling  off  in  quau- 

raii?'*"'^*^*"'^*^"^^^^^*    ^^^  ^^  manufactured  in  the  provinces  of  Lower 

Austria,  Styria,  Cannthia,  Bohemia,  Moravia,  and  Silesia. 

of  roiling'JS^k!*     There  are  some  large  establishments  in  Austria  for  the 

manufacture  of  rolling  stock,  passenger  and  freight  cars — 
at  Vienna;  Simmering;  Hernal,  in  Lower  Austria;  Smi- 
chow,  near  Prague;  and  Holoubkau,  in  Bohemia — having 
an  annual  capacity  of  G,0(K)  cars  of  all  kinds;  but  since  the 
general  prostration  of  business  these  works  have  largely 
curtailed  their  o|)erations. 

tivH  °*^'^*'*^  ?i      These  establishments  have  built  up  a  cousideniblc  foreign 

jtoTts.  market  for  their  products  since  the  decline  of  the  home  de- 

mand, and  the  importation  of  railway  rolling  material  into 
Austria  has  almost  wholly  ceased.     In  1875  the  exports 
were  2,373  cars,  and  in  1876  1,1()0  cars;  in  1872  the  imports 
were  3,154  cars,  and  in  1876  48  cars! 
Locomotive     Thc  mauufacturc  of  locomotives  is  chiefly  concentrated 

iri75.  at  Vienna.    In  1875  there  were  5  manufactories  m  Austria, 

which  turned  out  214  locomotives  and  191  tenders.     In  1876 

is7o*^^"^**"°  "'  ^^^^'  ^  ^^  these  continued  in  operation,  and  they  produced 

only  59  locomotives  and  26  tenders.  The  rolling  stock  of 
of  Auitriim  ra^if.  Austriau  railways  of  standard  gage  in  1877  comprised  2,322 
ways  in  1877.      locomotivcs,  2,118  tcndcrs,  275  snow-plows,  5,113  passenger 

cars,  and  54,901  freight  and  other  cars. 

GRKAT  URiTAix.  GREAT  BRITAIN. 

Great  progresii  The  progrcss  in  railway  construction  in  Great  Britain  dur- 
tifiatoycnrH.  ]Dg  the  past  tcu  ycars  has  been  very  marked ;  and  the  im- 
provement in  the  character  of  the  i>ermanent  way,  as  well 
as  in  rolling  material  and  locomotives,  has  been  very  impor- 
tant and  very  valuable.  The  advance  in  the  mode  and  man- 
ner of  construction,  and  in  the  character  of  materials  used, 
has  perhaps  kept  pace  with  the  increase  in  the  number  of 
miles  of  comx)leted  roads,  the  capital  invested  in  th  is  business, 
and  the  vast  increase  in  the  business  transacted  by  the  rail- 
roads of  the  United  Kingdom.  These  have  been  very  large, 
as  will  appear  from  the  following  tabulated  statement,  taken 
from  thc  reports  of  the  Board  of  Trade,  and  giving,  at  in- 
tervals from  1854  to  1877,  a  view  of  the  extent  and  char- 
acter of  the  operations  of  the  railway  system  of  Orcat  Brit- 
ain and  Ireland. 
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QBKAT  BETTAiH.      At  the  Bud  of  1871  the  total  average  cost  of  all  the  rail- 
ways of  the  United  Kingdom  was  $174,000  per  mile.    In 
Average  cost  yiew  of  the  enormous  snms  of  money  expended  in  the  con- 
struction  of  the  railroads  of  Great  Britain  and  Ireland,  the 
fact  that  their  net  earnings  for  the  past  eighteen  years  have 
oan^pf*to^ca°p*i-yi^l<^6<i  ^Jioro  than  4.26  per  centum  per  annum  upon  the 
tai  invested.       wholc  amouut  of  Capital  invested,  gives  some  idea  of  the 

immensity  of  their  traffic,  and  of  the  prudence,  economy, 
skill,  and  faithfuluess  of  the  management  which  combine 
to  produce  such  results. 
HT  ^fP^"****     One  of  the  larger  items  in  the  cost  of  British  railroads 

m  obtaining  cor*  ^ 

porate  rights,     [j^^  j^een  the  expense  incurred  in  obtaining  from  Parliament 

acts  of  incorporation,  with  authority  to  condemn  land  for 

Right  of  way.  flic  ucccssary  purposcs  of  the  companies.    The  "right  of 

way"  has  also  been  a  much  larger  element  of  first  cost  than 

acJroTthewJrk  "^  ^°^'  Other  couutry.      But  the  durable  and  thorough 

iiianuer  in  which  the  English  roads  are  built,  the  superior 
cbiiracter  of  the  superstructure  and  the  equipment,  rendered 
a  very  large  outlay  necessary. 

trains^*^^"*^  ®^     The  vclocity  at  which  passenger  trains  are  run  is  greater 

upon  the  English  roads  than  in  any  other  country  in  the 
world.  The  mean  speed  of  passenger  trains  is  reported  at 
40  miles  an  hour  when  running  at  full  speed.  The  velocity 
of  fast  and  express  trains  is  much  greater,  in  some  cases 
attaining  a  maximum  speed  of  70  miles  an  hour. 

^jtoiz^y^itto.  RAILWAY  EXHIBITS  AT  PARIS. 

With  this  glance  at  the  railway  systems  of  the  countries 
of  Europe  which  have  been  selected  as  fairly  repreaentative 
of  European  railway  progress,  I  will  now  briefly  re\iew 
those  exhibits  in  the  more  important  classes  of  railway 
material  and  rolling  stock  which  appeared  to  most  fairly 
illustrate  the  best  practice  and  the  most  advanced  types  of 
machinery  and  methods  of  construction  prevailing  in  the 
principal  countries  of  Europe  represented  at  the  Ex|>osition. 
Diviaionsofiho  In  the  treatment  of  the  subject  the  following  general 
onler  will  be  observed : 

(1)  Locomotives; 

(2)  Railway  rolling  stock  ; 

(3)  yarroto-gage  raihcays,  tramways j  and  cars;  and 

(4)  Systems  of  brakes  and  signaling  apparatus. 


of  he??inch  ox'     ^^^^  I'cpresentation  of  French  locomotives,  rolling  stock, 
hibit.  and  railway  material  at  the  Paris  Exposition  was,  as  was 

to  have  been  expected,  much  fuller  and  more  complete  than 
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that  of  any  other  country,  and  afforded  a  fair  opportunity-  ^ji^yexhibiiM 
for  studying  the  appliances  and  modes  of  construction 
adopted  by  the  French  railway'  companies.  It  may  be 
stated  generally,  and  without  qualification,  that  the  collec- 
tion of  railway  exhibits  contributed  by  the  railway  com- 
panies and  manufacturers  of  that  country  gave  evidence  of  ^  ExceUcnce  of 

.  rt-      tho    Ironch    ex- 

a  very  high  degree  of  skul  and  excellence  on  the  part  of  the  hibit«. 
engineers  and  artisans  of  the  French  nation. 

It  is  proper  here  to  remark,  however,  that  the  difficulty 
experienced  in  some  quarters  in  obtaining  particulars  and 
data  necessary  to  a  thorough  understanding  of  some  of  the 
most  interesting  machines  and  appliances  among  the  rail- 
way exhibits  in'  tlie  French  section  was  found  very  embar- 
rassing in  the  prosecution  of  the  work  to  which  the  writer 
was  assigned.  The  channels  of  trustworthy  information  in 
regard  to  many  of  these  exhibits  seemed  to  be  guarded 
with  a  singular  jealousy ;  and  while  there  was  no  lack  of 
courtesy  on  the  part  of  the  officials  and  agents  in  charge, 
there  was  sometimes  a  reserve  and  apparent  reluctance  in 
communicating  special  information  desired,  which  rendered 
impracticable  a  full  and  just  criticism  of  certain  interesting 
exhibits.  There  were  a  number  of  marked  exceptions  to 
this,  and  among  them  I  desire  to  acknowledge  kmd  atten-  Acknowiedg- 
tion  and  full  responses  to  inquiries  from  the  officers  in 
charge  of  the  splendid  collection  of  exhibits  of  the  Western 
Railway  Company  of  France,  and  particularly  from  M.  De-  M.Doiaistrc. 
laistre,  director,  and  M.  E.  Mayer,  eugineerin-chief  of  the  M.E.May.r. 
rolling-stock  department  of  that  (jompany,  and  to  M.  Mar-  m.  a.  Mariicr. 
lier,  secretary  of  the  executive  committee  of  the  "Inter- 
national Congress  for  the  Amelioration  of  the  Means  of 
Transport.'^ 


LocomotiveM. 

FOAXCK. 


FRENCH  LOCOMOTIVES, 

The  French  section  contained  far  the  largest  number  and 
tho  greatest  variety  of  railway  machines,  apparatus,  and 
fixtures,  and  these  were  probably  fair  exponents  of  the 
best  practice  of  that  country.  The  locomotives  exhibited 
by  the  I'rench  railway  companies  and  manufacturers  were 
about  half  of  the  whole  number  exhibited  at  Paris.  They  Rajfthocxhib- 
were  many  of  them  machines  which  had  been  in  the  actual 
service  of  the  French  roads,  and  nearly  all  represented 
types  in  ordinary  use  upon  those  lines.  All  were  remark- 
able for  the  wonderful  perfection  and  finish  of  the  work-   iiemarkabioex. 

CollCDCC 

manship  and  the  excellence  of  the  materials  used  in  their 
construction. 
Among  the  most  admirable  of  these  exhibits  were  those 
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KEULN'CE. 


Plati.  I. 


])rc8ented  by  the  Western  Railway  Company  of  France. 
I  noticed,  among  others,  a  very  fine  locomotive  and  tender. 

niotfr^^^"^  '"***'  ^^'^^^^  ^  wheels,  of  which  4  were  coupled.    Its  machinery  is 

so  aiTJinged  that  it  may  be  propelled  indifferently  either 
Locoinotivos  of  backward  or  forward.    The  general  plan  of  the  machine  is 

tb«»  Western  Kail-  *=•  *^ 

way  Co.  indicated  In  Plate  I.    The  locomotive  is  reversed  by  a  screw- 

brake,  worked  by  the  waste  steam.  The  regulator  is  upon 
the  outside  of  the  dome,  at  the  outlet  of  the  steampii>e. 

The  packing  of  the  piston-nxls,  the  cyliuders,  and  the 
I'egulator  is  metallic,  and  of  the  system  "  Duterne.^  The 
boilers  arc  sui)plied  by  the  aid  of  two  suction-injectors  of 
the  system  "Turck." 

The  bunkers  for  coal  and  the  tanks  for  water  are  about 
equal  in  capacity  to  those  of  an  ordinary  tender,  the  latter 
holding,  when  full,  1,430  gallons  of  water.  The  locomotive 
has  been  so  constructed  that  the  load  is  very  uniformly  tlis- 
tribute<l  over  the  several  axles,  that  upon  the  leading  and 
trailing  axles  being  nearly  equal,  as  are  also  the  loads  uiK)n 
each  of  the  two  coupled  axles,  when  the  tanks  and  bunkers 
are  full,  half  full,  or  one-third  full. 

The  following  table  indicates  the  distribution  of  the  load 
in  the  three  cases : 


DfiMsriiiTiMU. 


Dhtrihution  of  weights,  in  pounds. 


DiiitribiitioQ  of 
the  load. 


Tnnka,  otc,  ftiUv  ehargefl 

Tankis  etc.,  hnl^  full 

TaDka,  etc..  ontMhird  fiill 


Leading  I  Driving     Bearing  ■  Trailinf; 
axlea.    i      axlo.  axlp.  axle. 


I 


21,000 
19, 175  : 
19.030  i 


•27, 1'lO 
24,9o0 
24,250 


27.  ir»o 
24,840 
24,050 


22.000 
19, 22:> 
18,350 


Totals. 


07,000 
88.790 
85.70U 


DiinonsioDfl. 


The  following  are  the  principal  dimensions  of  this  loco- 
motive, given  in  meters : 


Table  of  (Hmensions  and  othrr  parlicular^. 

Diaiiieler  of  cylinders 0. 4ii0  iiietor. 

St  n)ktM)f  pistons 0.  r>00  meter. 

Exterior  lenjjth  of  fire-box 1.720  motere. 

Extorior  breadth  of  tiro-box 1.  VH)  meten. 

-^    .      ,       *i     r «      1         (above 1. 4i20  moterw. 

Intenor  leni^tii  of  nrc-l)ox   <  ,    ,  ,   ^-^       . 

'^                          (below.  1. 440metcr8. 

Int^Tior  breadth  of  fire-box 0.  SKK  meter. 

„.,.-.  ^     ,         ,              ^     (behind l.OOOmetora. 

lleiirht  of  fire-box  iibove  cerate  <  .     -      ^  <  ,rft 

*                                    *^          (  m  front 1.  ir>0  motors. 

Length  of  Uihcs  between  the  plates 4. 000  motcrH. 

Number  of  tubes....—  .-..^....^  ..^.,..  -. 149 

Interior  diameter  of  tubes 0. 045  meter. 


Heating  surface  < 


of  fire-box 6.040eq.  meters. 

tubes 93.GSCBq.  meten. 
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Total  heating  Biirfacc 99. 660  sq.  motors.        praxce. 

Surface  of  fire-grate 1. 1370  sq.  meters. 

--  ,  (of  water  in  boil«T 2. 450  cu.  meters.     Beacription  of 

Volurae   \    X-    X         •    I    -1  *  r,-rt  J.        looojuotivo       of 

{  of  steam  in  boiler   1. 550  cu.  meters.  Westcni  Uaihvay 

Charge  of  fuel  (weight  in  fumaco) 440  lbs,  ^^'    l'*'»<<' i- 

Volume  of  water  in  tanks 6. 500  cu.  meters. 

Weight  of  fuel  in  bunkers 3, 000  lbs. 

Weight  of  locomotive  empty 72, 860  lbs. 

Weight  of  locomotive  in  complete  working  order. .  97, 900  lbs. 

Wheel  base 5. 100  meters. 

The  Western  Eailway  Company  exhibited  other  very  Exprpwen^^iae. 
creditable  specimens  of  their  locomotive  products,  among 
them  a  beautiful  express  engine  built  for  this  company  by 
the  8oci6te  des  BatifjnoUes.    This  locomotive  is  the  latest    Plate  2. 
development  of  a  type  introduced  about  1855,  when  the    t>t»o  of  1855. 
demand  for  locomotives  of  two  axles,  coupled,  and  wheels  of 
large  diameter,  with  interior  cylinders  and  exterior  distri- 
bution, for  moving  express  trains,  came  to  be  considered 
imperative.    These  engines  iK)ssess  the  maximum  traction 
power  as  yet  attained  by  the  Western  Eailway  Company 
with  locomotives  of  two  axles,  coupled,  and  a  tender  of  12 
tons. 

The  annexed  illustration,  Plate  2,  presents  an  outline    i>impn«ioi». 
view  of  this  locomotive.    The  dimensions  of  its  principal 
parts  are  given  below : 

Length  of  fire-grate 1. 624  meters. 

Breadth  of  fire-grate 1. 078  meters. 

Snifacc  of  fire-grate 1. 750  sq.  metera. 

XT  '  -uj,    c  a     X.        1  J.     (  i*^  front 1. 170  meters. 

Heiirht  of  fire-box  above  grate  <  ,    , .    ,  ^  ,,r^ 

*  ^         )  behind l.OSOmeters. 

Capacity  of  fire-box 1.880  on.  meters. 

Length  of  tubes  between  plates 3. 850  meters. 

Interior  diameter  of  tubes 0. 045  meter. 

Number  of  tubes 156 

Heating  surface  of  tubes 94. 750  sq.  meters. 

Heat  ing  surface  of  fire-box 7. 100  sq.  meters. 

Total  heating  surface 101. 450  sq.  meters. 

Mean  diameter  of  boiler 1. 170  sq.  meters. 

Thickness  of  plate 0. 014  sq.  meter. 

Capacity  of  boiler  with  water  0.10  meters  above  top 

of  fire-box 2. 800  en.  meters. 

Interior  length  of  smoke-box  along  boiler  axis 0. 700  meter. 

Interior  measurement  of  smoke-box  across  axis  of 

boiler ].148meter8. 

Interior  diameter  of  chimney 0. 4*20  meter. 

Diameter  of  cylinders 0. 420  meter. 

Stroke  of  pistons 0.  COO  meter. 

Number  of  axles 3 

Wheol-baso 4. 400  meters. 

Diameter  of  driving  and  bearing  wheels 1. 930  meters. 

Diameter  of  leading  wheels 1. 290  meters. 
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Weight  of  locomotive  upon  the  (  leading  axle 11  tODB  100  lbs. 

rails  and  distribution  of  bnr-  <  driving  axle 12  tons  500  Ibe. 

den (  bearing  axle 12  tons  500  Ibe. 

way  Co.    Plat«2.  Weight  of  locomotive  in  working  order :J8  tons'  100  lbs. 

Weight  of  locomotive  empty IJ3  tons. 

Adhfision 4  tons  220  lbs. 


Express  OP gine 
of  Western  Kail 


Description. 


Tender. 


The  tender  used  in  connection  with  thiH  locomotive  is  also 
represented  in  the  diagrams  at  the  foot  of  Plate  2.  The 
frame  of  the  tender  is  entirely  of  iron,  the  tanks  and  bunkers 
resting  upon  a  wooden  floor.  The  buffers  are  arranged  so 
as  to  facilitate  the  passage  of  curves,  to  diminish  the  oscil- 
lation of  the  train,  and  to  diminish  the  concussion.  There 
are  two  inner  buffers,  and  two  others  acting  in  the  ordinary 
way.  The  couplings  between  the  engines  ai^d  tender  and 
the  tender  and  train  are  strong,  and  arranged  so  aa  to  unify 
the  movement  of  the  locomotive,  tender,  and  train. 

Particulars  as  to  tender. 


Weight  of  wttt^r  in  tanks 6  tons     600  lbs. 

Weight  of  fuel  in  hnnkcrs 3  tons  1, 100  lbs. 

Number  of  axlos 2  tons 

W hee  1  h i wo 2. 800  meters. 

Diameter  of  wheels 1. 120  meters. 

Weight  upon  rails  of  tender,  loaded,  f  forward  axle  .  11  tons     550  lbs. 

and  its  distribution  by  axles \  rear  axle 11  tons     550  lbs. 

Total  weight  of  tender  loaded 22  tons  1,  lOO  lbs. 

Total  weight  of  tender  empty 11  tons  1, 560  lbs. 

Schneidor&co.  Tlic  most  interesting  and  remarkable  collection  of  iron 
and  steel  manufactures  to  be  seen  at  Paris,  or  probably  ever 
exhibited  before  at  any  place  in  the  world,  was  that  of  MM. 
Schneider  &  Co.,  of  Creuzot,  at  their  large  pavilion  upon  the 
Champ  de  Mars.  Although  their  enormous  works— one  of 
the  largest  establishments  of  the  kind  in  the  world — ^produce 
almost  every  description  of  iron  and  steel  fabrics  used  by 
civilized  man,  and  manufacture  a  number  of  varieties  of 

.^i!?SIS^**^\mi^^^^™^^^^®®  *^^  railway  machinery,  there  was  only  one 
locomotive  in  their  collections  of  exhibits.  This  was  a 
powerful  and  well-finished  engine  and  tender,  made  for 
passenger  and  mixed  trains,  and  in  its  finish  and  in  its  con- 
struction well  worthy  of  the  splendid  reputation  of  its 
makers. 

The  engine  had  four  coupled  wheels  and  two  leading 
wheels.  The  piston-rods,  side-rods,  axles,  tires,  slide-bars, 
and  motive-pieces  were  made  of  steel.  Its  fire-grate  was 
quite  large,  and  admitted  of  the  use  of  fuel  of  inferior  qual- 
ity. It  was  designed  to  be  run  at  a  speed  of  30  miles  an 
hour. 


passenger 
mixed  trains. 


Description. 
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Prinnipal  dimensions  and  weights;  Creuzot  locomotive.  foance. 

Weight  in  working  order 79. 000  lbs.  Schneider  &. 

Weight  empty 01, 500  lbs. 

Surface  of  grate 1. 75  sq.  meters. 

Heating  surfaco  of  fire-box 7. 400  sq.  meters. 

Heating  surface  of  tnlx^ 82. 000  sq.  met^^rs.     I>i»"«o*^ions. 

Total  heating  surface 89. 400  sq.  meters. 

Diameter  of  cylinders 0. 400  metor. 

Stroke  of  pistons 0.  GOO  meter. 

Diameter  of  coupled  wheels 1. 010  meters. 

Diameter  of  leading  wheels 1. 210  meters. 

The  three  locomotives  exhibited  by  the  Paris,  Lyons,  and  the  PaS^  Lywis'^ 
Mediterranean  Railway  Company  were  all  remarkable  for^^j^®^J®™* 
faithful  and  finished  workmanship  and  the  skill  displayed 
in  their  construction.    Like  nearly  all  the  locomotives  ex- 
hibited in  the  French  section  they  were  taken  from  the 
actual  service  of  the  company,  and  represented  types  of 
which  there  are  a  number  of  each  kind  now  in  daily  use. 
The  business  of  this  line — the  artery  connecting::  Paris  with 
the  Mediterranean  and  Italy — and  particularly  its  passenger  ^iii.g^'j^'SCTfS 
traffic,  has  increased  so  rapidly  that  the  company  has  found  «°8*^*^*- 
it  necessary  largely  to  increase  the  tractive  capacity  of  its 
locomotives,  and  in  the  past  few  years  the  company  has 
built  a  number  of  machines  of  great  power  and  designed  to 
be  run  at  a  high  rate  of  speed. 

One  of  the  locomotives  mentioned  above,  a  powerful  pas-  ^"^pg^  3.*"° 
senger  engine,  exemplified  the  latest  practice  of  this  impor- 
tant company,  and  may  be  selected  as  an  excellent  example 
of  a  type  of  heavy  passenger  locomotive,  adapted  to  either 
way,  fast,  or  express  trains,  highly  appreciated  upon  the 
Continent. 

This  engine  has  been  recently  fully  described  in  the  pages  dOT^**E™Sn^ 
of  the  London  "  Engineering,''  and  the  illustration  given  of  it  ^•" 
in  Plate  3  and  most  of  the  particulars  here  mentioned  in 
regard  to  it  are  used  bj^  the  courtesy  of  Mr.  William  H.  Maw,  wuuam  h.  Maw. 
one  of  the  editors  of  that  valuable  ][>eriodical. 

This  locomotive  was  made  at  the  shops  of  the  company  in  Description  of 
1877-'78,  and  is  one  of  60  of  the  same  type  built  in  the  ^^^^^'  ^  *** 
last  few  years.  As  will  be  seen  from  the  illustration,  it  has 
8  wheels,  of  which  4  are  coupled ;  the  boiler  is  of  unusual 
length,  and  all  of  the  axles  are  under  it,  except  the  trailing 
axle,  which  is  under  the  fire-box;  the  cylinders  are  exterior 
and  of  large  capacity.    The  working  power  of  the  engine 
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FRAxtat.       under  tlio  diflferent  conditions  Htated  is  shown  by  the  fol- 
lowiiipf  table: 


Passcnizor    vu- 

£inoofthePari!«,  v 

yons,  and  McmH-  ^  . 

terranfan     Rail-     ,„         **•*:,  a 

wayCo.    Plato3.     Character ol  tniln.    |      ^| 

& 


Weight  of  train,  oxclusivo  of  cnfilnA  and  teniler, 
drawn  on  tho  j^rodii'ntii  given. 


I  I 

Ltivvl.      1  in  4(M).     lin  200.     1  in  100.      1  in  60. 


Power  .iikI  " 

apeed  with  ditTtiir-  MUcm. 

cnt     claaflea     of  Way 31 

trains.                     I'artt 37^ 

Expn>iiB 44 


T&ru.     I 

3A8 
277 
208 


Tons. 
257 
189 
145 


Tont. 

187 
137 
105 


Tont.      I     IbiM. 
100  67 


78 
67 


45 

30 


Description. 


Diiaenaionn. 


The  leading  and  trailing  axles  have  each  a  separate  spring 
for  each  axle-box;  the  bearings  of  all  the  axles  are  inside, 
ex(*ept  the  trailing  axle,  the  bearings  of  which  are  outside. 
The  pistons  and  piston-rods  are  of  wrought  iron,  and  have 
their  stnfling-boxes  fitted  with  metallic  packing,  acconling 
to  the  system  known  as  "Dutenie's.^ 

The  engine  is  reversed  by  a  screw,  and  is  fitted  with  Le 
Chatelier's  counter-pressure  apparatus,  pii>es  for  admitting 
a  mixture  of  steam  and  water  into  the  exhaust-pipes  when 
the  engine  is  reversed.  It  is  also  furnished  with  a  sand-box, 
provide<l  with  sand- valves  worked  fi*om  the  foot-plate.  The 
horizontal  stays  between  the  sides  of  the  casing  above  the 
fii*<»-box  crown  are  of  steel.  The  grate-bars  are  of  wrought 
iron,  steeply  inclined,  except  in  front,  where  there  is  a  short 
movable  section  worked  by  a  gearing  so  arranged  that  it 
can  be  lowered  if  desired. 

Then*  is  a  horizontal  screen  arranged  in  the  smoke-box 
just  above  the  level  of  the  tubes  so  as  to  stop  the  passage 
of  cinders  and  sparks.  The  chimney  is  cylindrical  and  has 
a  damper  at  the  top.  The  blast-nozzle  is  variable  and  is 
placed  rather  high. 

The  brake  is  applied  by  a  Del|>ech  double  screw,  designed 
to  give  a  rapid  movement  to  the  blocks  until  they  are  nearly 
in  contact  with  the  wheels,  and  a  very  i)owerful  pressure 
afterwards.    The  brake-blocks  are  of  wood. 

DimcHsinnn  and  other  particulars, 

Dinmctn*  of  fylintUTS 19. 70  in. 

Strolv<M)f  pistons 2  ft.    1.60  in. 

Dijimoter  of  conpletl  wheels 6  ft..  10. 70  in. 

Diaini'ter  of  leadiug  and  trailing  wheels 4fL    3.20  in. 

Wheel  base  of  enjrine 18  ft.    4.30  in. 

Mean  diameter  nf  boiler 4  ft.    0. 75  in. 

Thickness  of  boiler-plate 0.57  in. 

Xuniber  of  tnbes 164 

Length  between  tnbe-plates 16  ft.   ^20  in. 


RANEAN  N. 

:.  MARfE,  ENGINEE 


.'.  i-.    JA 


Height  of  fire-box  crown  } 
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Inside  diameter  of  tubes 1.  HI  in.        frakcb. 

Outside  diameter  of  tubes *2. 00  in. 

Length  of  tire-grate 6  ft.  11. 30  in.     Pa«aciii?er   en 

Width  of  lire-grate 3  ft..    3.  «0  in.  gJ^^7„7;S2d'ifel 

infront 4  ft.    7. 80  in.  "«««S,  »^|1^'»-^ 

Co.     Plate  3. 

at  back 2ft.  lO.COin. 

Volume  of  fire-box 86. 5  cu.  ft. 

Inside  diameter  of  smoke-stack 1ft.    7. 70  in. 

Fire-grate  surface 23. 00  sq.  ft. 

Heating  surface  P^«-^^^ 96.90sq.ft. 

^  (  tubes  (exterior) 1, 390. 00  sq.  ft. 

Total  heating  surface,  including  exterior  tube  surface .       1 ,  483. 90  sq.  ft. 

Sectional  area  through  tubes 2. 93  s<i.  ft. 

Sectional  area  of  smoke-stack 2. 12  sq.  ft.     Dimt'nsiona. 

Ratio  of  fire-grate  area  to  heating  surface 1  :  64. 67 

Ratio  of  sectional  area  through  tubes  to  fire-grate  area  1 :    7. 86 

Ratio  of  sectional  area  of  chimney  to  fire-grate  area  .  1 :  10. 85 

Number  of  internal  diameters  in  length  of  tubes 107. 30 

Working  pressure  per  square  inch 128  lbs. 

Weight  of  locomotive  empty 40  tons     400  lbs. 

Weight  of  locomotive  in  working  order 43  tons  1, 900  lbs. 

Weight  of  fuel  carried  by  tender    4  tons. 

Water  carried  by  tender 2, 244  gals. 

AUSTUIAIIUN- 

LOCOMOTIVES  OF  AV STRIA  HUNGARY.  _^^^'_  _ 

There  were  4  locomotives  exhibiteil  in  the  section  of  Aus-    Locomotiviw. 
tria-Hungary — one  was  a  small  tank-locomotive  for  service 
in  the  mines ;  the  others  representatives  of  the  best  types 
adox)ted  by  the  Austrian  and  Iluiigarian  railway  companies. 
All  were  admirably  constructed,  and  both  in  design  and  <?x-^^^s^ij^^o'^^**^ 
ecution  exhibited  a  degree  of  skill  which  entitles  their  mak- 
ers to  rank  among  the  manufacturers  of  the  best  railway 
material  produced  upon  the  Continent.    The  collection  of 
exhibits  of  the  Austrian  State  Eailway  Company  was  one 
of  the  most  interesting  and  instructive  to  be  seen  at  Paris. 
Their  exhibits  comprised  designs  and  models  of  the  various  mS^^jJ/*,  ^^^l-[. 
descriptions  of  railway  machinery,  fixtures,  and  appliances  ^astrianrau way 
actually  employed  in  the  service  of  the  company,  ])resenting 
in  an  attractive  form  a  full  and  satisfactory  view  of  Austrian 
railway  locomotive  practice. 

The  special  characteristic  of  the  locomotives  manufact-    Anatrimi  statf 

Kail  WAV  Uo 

ured  by  the  Austrian  State  Railway  Company  is  the  excel- 
lent arrangement  of  the  lire-box  and  flre-grato  for  the  pur- 
pose of  permitting  the  use  of  a  small  and  inferior  article  of  spwiniarran^f 

■^  ■■  ^  nieuts  to  8Uit  m 

fuel  supplied  by  the  coal  mines  of  Eladno,  near  Prague,  ^rior  <*"«'!• 
and  Eossnitz,  near  Vienna.    These  coals  are  very  inferior 
in  their  flame-producing  properties,  and  contain  a  large  per- 
centage of  incombustible  constituents.    In  order  to  produce 
better  results  they  are  mixed  with  small  coal  from  the  Stey- 
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Ai^sTBiA^iiux-   erdorf  mines,  the  latter  and  the  coals  from  EZladno  beinfsf 

usually  mixed  with  a  small  percentage  of  lump  coal.    The 

Locomotives  of  small  coals  from  Kladuo  are  very  indifferent  in  quality,  give 
Rail^a^co.^^**  a  short  flame,  coke  with  difficulty,  and  contain  a  little  sul- 
phur and  20  per  cent,  of  cinders  and  stone.    The  Bossnitz 
mixed  coals  coke  badly,  are  very  sulphurous,  make  a  coke 
Peculiarity  of  of  bad  Qualitv,  and  contain  20  to  25  per  cent,  of  ashes.    Bm- 

rh©      luel      em-  -%  *  i  ir 

ployed.  ployed  alone,  they  work  badly,  but  mixed  with  the  slack  coal 

from  the  Kladuo  mines  each  seems,  to  some  extent,  to  correct 
the  defects  of  the  other.  The  Steyerdorf  coals  are  of  ex- 
cellent quality,  resembling  the  English  semi-bitumioous, 
give  a  good  flame,  make  excellent  coke,  are  only  very 
slightly  sulphurous,  and  contain  only  from  8  to  10  per  cent, 
of  ashes.  Their  intermixture  with  the  two  inferior  coals 
from  Kladuo  and  Eossnitz  add  greatly  to  their  heat-pro- 
ducing capacity. 
A«iapt«tioii  of     The  introduction  of  the  new  t\'pes  of  locomotive  now  in 

the  lire-box  and  •^  '^ 

snute  to  tho  kind  the  scrvicc  of  the  Austrian  Railway  Company  has  rendered 

of  fiiel>  *        »/ 

the  use  of  this  fuel  practicable,  and  effected  a  considerable 
reduction  in  this  item  of  railway-operating  expenses.  Since 
the  introduction  of  this  system  the  consumption  of  lump 
and  large  coals  upon  these  lines  of  railway  has  been  re- 
duced from  22,200  tons  in  1872  to  70  tons  in  1876. 

Success.  The  use  of  these  small  coals  by  the  Austrian  Railway  Com- 

pany has  never  occasioned  any  practical  difficulty,  either  in 
respect  to  speed  of  trains,  regularity  of  train  movement,  or 
working  capacity  of  the  locomotives. 

Possible  need  The  abuudauce' aud  cheapness  of  fuel  in  almost  ail  parts 
slack  and  small  of  the  United  Statcs  have  not  as  yet  rendered  it  necessarv 

ooals  in  locomo- , .      ,  .,  .iij  ^^j*  *•• 

tives.  that  our  railway  companies  should  resort  to  devices  and 

methods  for  the  use  of  the  slack  and  small  coals  of  the 
mines  as  fuel  for  locomotives;  but  there  are  large  sections 
of  the  country  where  the  question  of  cheap  fuel  is  already 
one  of  vital  interest,  and  it  is  one  of  more  or  less  impor- 
tance and  of  growing  interest  everywhere. 
ciaaaes  of  loco-     The  Austrian  State  Railway  Company  employs  three  de- 

tho      Auatrittiiscriptions  of  locomotivcs  constructed  with  reference  to  the 

State  Railway  Co.  x-     i      i  i  ti  t 

use  01  slack  and  small  coals : 

(1)  Freight  locomotives,  having  8  coupled  wheels,  of 
whicli  there  are  30  in  use  and  10  in  process  of  construction. 

(2)  Locomotives  designed  for  service  at  stations,  having 
G  wheels,  all  coupled ;  of  these  there  are  already  17  in  the 
employment  of  the  company. 

(3)  Locomotives  designed  for  either  passenger  or  freight 
service  or  for  mixe<l  trains. 
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This  last-mentioned  type  has  been  selected  for  a  fuller  dc-    ^^'""ny"^ 
scription  as  a  fair  exponent  of  the  system.    An  illustration 


of  it  is  given  in  Plate  4.  m£XtS§^^oS>' 

The  fire-grate,  as  in  the  two  other  descriptions  of  loco-™J|^^j^<>^g^^^ 
motives  mentioned,  is  made  very  large,  in  order  that  the  ^^i^^j^*4^**- 
depth  of  fuel  upon  it  may  not  be  considerable.    They  are 
supplied  with  the  Le  Chatelicr  apparatus  for  reversing  the    description 
engine,  by  letting  into  the  cylinders  steam  and  water  in 
small  quantities  from  the  exhaust-pipes,  the  pipes  being  so 
arranged  as  to  prevent  dust  and  hurtful  gases  from  being 
drawn  in  ftt)m  the  smoke-box. 

The  boilers  are  of  Martin  steel ;  the  tube-plate  of  the 
smoke-box  is  of  copper ;  the  connecting  and  coupling  rods 
are  of  steel,  grooved  in  a  fashion  to  reduce  their  weight  as 
far  as  practicable.  The  following  table  exhibits  the  average 
consumption  of  small  coal  upon  these  locomotives : 


Coal  oonBiimod  for  each  train  mile 

Cool  consumcfl  for  each  one  himdn^l  tons  moved  one  mile 


Cost  of  coal  coustimod  per  train  mile 

Cost  of  coal  for  each  one  hundred  tons  drawn  one  mile 


^0 


<y 


Consumption 
of  coal. 


CO 


■    §11 


Poundt.  ; 

58 

OerUt.    ! 
2.46  ! 


PouttdM. 

5'J 

14 

Centt. 

11.0.~« 

2.00 


DimensioiVi  and  particulars. 

Length  of  fire-grate 1.300 

Breadth  of  fire-grat« 1.050 

Surface  of  fire-grate 1. 890 

at  top 1, 770 

at  bottom 1. 800 

top 1.090 


Length  of  fire-box  < 


Breadth  of  fire-box 


(at 

(  at  bottom 1. 050 

Height  of  fire-box 1.536 

Heating  surface  of  fire-box 9.100 

Heating  surface  of  tubes 1*29. 600 

Total  hf»ating  surface 138. 700 

Smoke-stack,  interior  diameter 0. 440 

Diameter  of  driving  wheels 1 1. 4r>0 

Diameter  of  coupled  wheels 1. 450 

Diameter  of  body  of  wheels  within  tirca 1. 340 

Weight  of  driving  wheels 5, 210 

Weight  of  each  pair  of  coupled  wheels 4, 295 

Diameter  of  driving  a3de8  at  center 0. 15H 

Diameter  of  coupled  axles  at  center 0. 158 

Diameter  of  spindle 0. 165 


meters, 
meters, 
sq.  meters, 
meters, 
meters. 

meters, 
meters. 

meters. 

sq.  meters. 

sq.  meters. 

sq.  meters. 

meter. 

meters. 

meters. 

meters. 

lbs. 

lbs. 

meter. 

meter. 

meter. 


Dimeusions. 
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AUtflKIA-liaX- 
OAKY. 


Passenger  and 
mixed-tnun  loco- 
motive of  Aus- 
trian Stato  Rail- 
way Co.    Plato  4. 


Dimensions. 


Distribution  of 
vrcight. 
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Springs : 

Distance  between  points  of  sospension 0. 970  meter. 

Breadth  of  plates 0. 900  meter. 

Thickness 0.100  meter. 

Number  to  each  spring 17 

Mechanism : 

Diameter  of  cylinders 0. 450  meter. 

Stroke  of  piston 0.650  meter. 

Length  of  connecting-rods 1. 900  meters. 

Greatest  breadth  of  locomotive 2. 790  meters. 

Boiler : 

Length  of  boiler 4. 020  meters. 

Exterior  diameter 1^  300  meters. 

Number  of  tubes 175 

Exterior  diameter  of  tubes 0. 052  meter. 

Len|;th  between  tube  plates 4. 550  meters. 

Volume  of  steam,  with  water-lino  105"*™  above  top 

of  fire  box 1. 610  cu.  meters. 

Distribution  of  weight. 


On  Uuidin};  wheels 
On  driving  wheels 
On  trailing  wheels 


Total 


Tons. 
10.07 
1L37 
11.80 

Tons. 
12.76 
12.70 
12.76 

34.20 

38.30 

Avcra^^e  load. 


Fire- boxes. 


Boilers. 


The  average  load  hauled  during  the  year  1877  by  these 
locomotives  was  340  tons.  The  company  already  has  20 
machines  of  this  type,  and  they  are  represented  to  have  done 
excellent  service. 

The  fire-boxes  in  use  upon  the  locomotives  of  this  company 
are  of  copper,  though  experimental  tests  are  now  being  made 
of  flreboxesmade  of  a  very  soft  Martin  steel.  The  stays  found 
to  give  the  best  results  are  those  made  of  copper.  Iron  or  steel 
stays  have  not  been  found  very  desirable.  The  copper  used 
is  required  to  have  a  resistance  of  24  kilograms  for  each 
square  millimeter,  or  34.135  lbs.  per  square  inch,  and  an  ex- 
tension capacity  of  20  per  cent,  before  fracture. 

The  company  has  216  boilers  of  Bessemer,  Martin,  or  cast 
steel.  Experience  upon  the  Austrian  roads  shows  that  they 
corrode  very  rapidly,  the  corrosion  being  doubtless  greatly 
accelerated  by  reason  of  the  inferior  character  of  the  fuel 
used.  The  corrosion  of  steel  and  iron  boilers  is  believed  to  be 
about  the  same.  Upon  this  line  the  vital  i>arts  of  the  boilers 
have  to  be  replaced  after  every  three  or  four  years  of  active 
service.  The  past  experience  of  the  Austrian  State  Com- 
pany has  shown  that  the  l)est  material  for  the  manufacture 
of  boilers  is  a  soft  homogeneous  steel  not  liable  to  harden 
readily.    Such  a  metal  is  believed  to  have  been  obtained  in 
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a  steel  now  being  made  by  the  Martin  process  at  the  com-    a^*™^^""!!. 
pauy's  works  at  Beschicza. 


The  experimental  tests  made  by  Professor  Jennj^,  of  the   Pasaenscr  una 
Polytechnic  School  of  Vienna,  with  the  boiler-plates  manu-  Sot?I?e^ofAu^ri- 
factured  for  this  company  at  their  works  at  Simmering,  show  co.^^piat^^*'^ 
that  the  metal  of  which  they  are  made  is  suflBciently  soft  to  re- 
move any  apprehension  as  to  their  liability  to  sudden  rupture. 

The  boiler-tubes  of  the  company's  engines  are  of  brass,    i>e»criptiou. 
the  composition  of  which  is  30  parts  zinc  and  70  parts 
copper.    They  are  all  of  the  same  diameter — interior,  0.048 ; 
exterior,  0.052. 

Tlie  following  compositions,  designated  as  bconzes,  are    cumiioBiUou  of 
used  for  the  several  purposes  mentioned : 

(1)  For  locomotive  bearings,  slide-valves,  valves,  etc.,  84 
parts  of  copper  and  16  parts  of  tin. 

(2)  For  coach  and  car  bearings,  85  parts  of  copper  and  15 
of  tin. 

(3)  For  the  various  cocks,  etc.,  90  parts  of  copper  and  10 
of  tin. 


Oneof  the  most  admirable  machines  exhibited  at  Paris  was    Pawen^er  oud 

mixed-tram  loco- 

the  powerful  locomotive  built  at  the  works  of  the  Hungarian  s?'*^^®  5^,,  ***® 

*^  °  Thelss    Railway 

State  Kail  ways  at  Buda-Pest  for  the  Theiss  Railway.    In  of  Hungary, 
simplicity  of  construction  it  approached  more  nearly  to  the 
best  types  of  American  and  English  locomotives  than  the 
locomotives  built  by  the  European  Gontinental  railway  com- 
panies genei*ally  do.    It  represents  a  design  entirely  new    Now  de»ign. 
and  but  recently  adopted  by  the  Theiss  Railway  Company. 
It  is  built  for  the  purpose  of  hauling  passenger  and  mixed 
trains  at  a  high  sx>eed.   It  has  an  actual  tractive  power  upon  xractivo power. 
a  gradient  of  1  in  800,  as  follows :  750  tons  at  a  speed  of  15 
miles,  500  tons  at  a  speed  of  22  miles,  and  300  tons  at  a 
spee<l  of  37  miles  per  hour. 

Plate  5  gives  a  fair  illustration  of  this  superb  machine. 

There  are  no  curves  of  short  radii  upon  the  Theiss  Rail-    Description  ot 
way,  and  accordingly  it  was  not  found  necessary  to  allow     ^  ^* 
any  lateral  play  to  the  axles  of  tliis  locomotive,  though  its 
wheel-base  is  11'  8''. 

As  will  be  seen  from  the  engraving,  this  machine  has  6 
wheels,  all  coupled,  and  its  cylinders  are  exterior.  It  is  de- 
signed with  reference  to  the  use  of  wood  as  its  fuel,  and  is 
provided  with  Klein's  spark  arrester.  Two  injectors  of 
Friedman's  system  supply  the  boiler,  one  of  7  and  the  other 
of  9  millimeters.  The  dome  is  larger  than  usual  and  con- 
tains the  regulator. 
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AUfliBiAHUff-       The  arrangements  for  the  distribntion  of  steam  are  after 

GARY.  ^ 

—   — the  system  of  Mr.  Stevenson,  except  that  in  place  of  the 
i^omotive  of  valvc  in  ordinary  use  there  is  a  spiral  spring  which  serves 
JfiiSJga^^^^  to  equalize  the  weights  of  the  valve-slides  and  appurte- 
nances.   The  piston-rods  pass  entirely  through  the  forward 
heads  of  the  cylinders,  as  indicated,  an  excellent  arrange- 
ment for  supporting  the  piston  and  securing  smoothness  of 
Dcacription.     actiou.    The  springs  are  adjusted  below  the  axle-boxes,  and 
those  of  the  driving  and  trailing  axles  are  coupled  by  com- 
pensating beams. 

It  is  claimed  that  this  locomotive  has  the  merit  of  estab- 
lishing the  feasibility  and  advantage  of  appljing  perfectly 
Equipoised  equipoised  valves  to  locomotives,  an  arrangement  so  often 
^**^**'  attempted  without  success.    The  tires,  axles,  springs,  con- 

necting and  coupling  rods,  valve-spindles,  piston-rods,  and 
motion-bars  are  of  cast  steel ;  the  wheels  and  axle-boxes  are 
of  wrought  iron ;  the  valve-gearing  of  refined  wrought  iron. 
All  the  joints  are  case-hardened. 
The  matoriaiB     Almost  all  of  the  materials  used  in  the  construction  of  the 

the    prodact    of 

Hnngary.  machine  are  the  products  of  Hunganan  factories.     The 

plates  of  the  boiler-frames,  the  boiler-plates,  and  the  refined 
iron  used  in  the  construction  of  other  parts  of  the  locomotive 
are  from  the  Royal  Hungarian  Iron  Works  of  Brazowa; 
the  copper  from  the  copper  works  of  Upper  Hungary ;  and 
nearly  all  the  steel  used  from  the  works  of  the  Austrian 
State  Eailway  Company  at  Eeschicza.  The  cost  of  this 
locomotive  delivered  in  the  station  at  Buda-Pest  is  $10,700. 

Dimensions  of  locomotive  aitd  pardealars, 

Dixuensions.      Diameter  of  cylinders 0, 420  meter. 

Stroke  of  pistons 0. 630  meter. 

Diameter  of  driving  wheoI»    1. 017  meten. 

Wheel  base 3.  a")0  meters. 

Diameter  of  barrel  of  boiler 1. 32H  meters. 

(  length    1.930  meters. 

Fire-grate^  breadth 1.020  meters. 

(  surface 1. 970  sq.  meters. 

i interior  length 1.900  meters, 

interior  breadth.   1. 100, 1. 120  meters, 

interior  height 1, 130, 1. 470  meters, 

interior  heating  surface 9.900  8q.  meters. 

C  number 166 

J  length  between  plates 3. 500  meters. 

I  exterior  diameter 0.052  meter. 

(^  heating  surface 95. 000  sq.  meters. 

Total  heating  surface  of  machine 104. 0(^  sq.  meters. 

Weight  of  locomotive  empty 30  tons. 

Weight  of  locomotiye  ready  for  work 34  tons. 


Ru.. 


S  CHEMI 


Plate  No.  5. 
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BRITISH  LOCOMOTIVES.  great  uritaix. 

The  locomotives  exhibited  in  the  British  section  were,  as   Locomotives. 
may  be  said  of  the  machinery  exhibits  of  the  United  King- 
dom genemlly,  remarkable  for  the  skill,  the  directness,  the 
strong  common  sense,  and  the  faithfulness  illustrated  in 
their  constmctiou. 

A  splendid  proof  of  the  practical  mechanical  skill  and 
high  attainmeuts  in  mechanical  engineering  of  the  English 
was  furnished  by  the  locomotive  manufactured  by  Messrs.  ^  LocomoUve  of 
Sharp,  Stewart,  &  Co.,  of  Manchester,  a  machine  of  such  co**^'   *^*' 
excellent  design  and  workmanship  that  it  well  deserves  to 
be  chosen  as  illustrative  of  the  best  locomotive  practice  of 
the  British  railways.    The  agent  in  charge  of  the  very  cred- 
itable collection  of  exhibits  of  Messrs.  Sharp,  Stewart,  &  Co. 
was  kind  enough  to  refer  the  writer  to  an  exhaustive 
description  of  this  machine,  which  was  prepared  for  and 
appeared  in  "Engineering,"  for  ftill  particulars,  and  I  am    piate  e  from 
indebted  to  that  paper  for  the  details  now  given  and  thcneering."     "** 
illustration  of  the  machine  on  Plate  6. 

This  engine  is  designed  for  express  passenger  service,  Deacription. 
and,  as  shown  in  the  engraving,  has  inside  cylinders,  2  driv- 
ing and  2  trailing  wheels,  all  coupled.  It  combines  in  its 
construction  the  practice  of  Messrs.  Sharp,  Stewart,  &  Co. 
and  that  adopted  by  the  Northwestern  Railway  Company 
of  England,  in  its  design  embracing  the  most  approved 
features  of  English  railway  locomotive  engineering.  "The  i>otaa»  and  di- 
cylinders  are  18"  in  diameter,  the  coupled  wheels  are  "*®"**°"*' 
G^  G"  in  diameter,  and  the  tractive  force  is  calculated, 
therefore,  to  be  103.8  lbs.  for  each  pound  of  eflfective 
pressure  per  square  inch  on  the  pistons."  The  leading 
wheels  are  4'  in  diameter.  The  cylinders  are  placed  close 
together,  and  thus  the  driving-axles  admit  of  very  long 
bearings;  and,  to  allow  this,  the  valve-faces  have  been 
placed  above  the  cylinders  and  inclined  both  laterally  and 
longitudinally.  The  piston-rods,  connecting  and  coupling 
rods  are  all  of  Bessemer  steel.  The  pistons  are  filled  with 
gun- metal  packing-rings.  There  are  only  two  guiding-bars 
to  each  cylinder,  and  those  are  supported  bj^  the  motion- 
plate  at  some  distance  from  their  rear  ends,  the  arrange- 
ment being  such  that  the  cross-heads  can  be  drawn  out 
without  taking  down  the  bars.  The  slide-bars  are  of  case- 
hardened  wrought  iron.  The  link-motion  is  of  the  kind 
known  as  the  "Allan  straight-link"  type,  and  all  thoroughly 
case  hardened. 

The  engine  is  reversed  by  a  screw  with  hand  wheel  fixed 
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GBBAT  uBiTADc.  qq  qq^  of  thc  hiiid  splashes.    The  coupling  is  very  simply 

effected  by  rods  with  solid  euds  with  bashes  forced  in. 

sha'^stew^iirt  &  ^^^^  ^^^  crauk  piDs  are  all  of  Bessemer  steel,  as  also  are  the 

Co.    Plate  6.         .^^i^^^ 

Tlie  Lieariugs  of  the  axles  of  the  driving  and  trailing 
wheels  are  9''  long  and  7^'  in  diameter,  and  those  of  the 
leading  axle  are  IC  long,  with  a  diameter  of  CJ''. 
dSie^Ii?M"°*"*^     "  "^^^  driving  and  trailing  axle-boxes  are  of  case-hardeued 

cast  iron,  working  in  guides  of  cast  steel  not  fitted  with 
wedges.  The  leading  axle-boxes  are  of  cast  iron,  working 
in  cast-iron  guides,  there  being  a  lateral  play  of  ^"  allowed 
in  each  direction  between  the  flanges  of  the  boxes  and  the 
horn-blocks,  the  boxes  being  provided  with  double  inclined 
caps  of  wrought  iron.  The  total  wheel-base  of  the  engine 
is  W  3",  but  the  rigid  wheel-base  is  only  8'  8''.  The  wheels 
are  all  of  wrought  iron,  with  crucible  steel  tires,  secured  by 
an  outer  clip  fastening  and  set  screws.  The  fitimes  are  of 
wrought  iron  1'  thick,  V  &'  deep  for  the  main  part  of  their 
length,  and  4'  IJ''  apart.  The  buffers  are  of  wrought  iron. 
The  boiler  is  of  the  flushed-topped  fire-box  type,  with  plates 
arranged  telescopically."  The  diameter  of  the  boiler  is  4'  1" 
inside  the  smallest  plate.  The  fire-box  casing  is  5'  IC  long 
outside  by  4f  ^"  wide  at  the  bottom,  and  4'  11''  deep  below 
center  line  of  the  boiler.  The  boiler-shell  is  of  Bowling  plate; 
sides,  bari*el,  and  top  of  fire-box  casing  are  ^"  thick,  and  the 
front  and  back  plates  -^".  The  smoke-box  tube-plate  is 
y  thick,  and  is  flanged  forward  to  join  the  smoke-box 
plates,  it  being  connected  with  the  barrel  by  an  angle  iron 
ring.  The  inside  fire-box  is  of  coi)per,  the  plates  being  \". 
thick,  except  the  upper  part  of  the  tube-plate,  which  is 
about  y  thick.  The  fire-box  crown  is  stayed  by  longi- 
tudinal roof-stays  and  by  sling-stays,  as  shown.  The  boiler 
contains  219  brass  tubes,  \y  in  diameter,  ICK  6-iV  long 
between  the  tube-plates,  and  Nos.  12  and  14  wire-gage  thick 
at  the  fire-box  and  smoke-box  ends,  respectively. 

The  safety-valves  are  arranged  to  blow  at  a  pressure  of 
140  lbs.  per  square  inch,  and  are  placed  on  top  of  the  fire- 
box casing.  The  boiler  is  supplied  by  two  iiyectors,  one 
No.  7  and  one  No.  9.  The  cylinder  and  valve  casings  are 
oiled  by  means  of  an  automatic  lubricator,  of  which  the  de- 
tails are  indicated  in  the  figures.  There  is  a  large  dome  on 
top  of  the  boiler,  on  which  is  the  regulator. 
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Heating  surface^  etc  omat  muTAix. 

Square  feet. 

Heating  surfaco  of  tuUes^  outside  surface 1, 134. 00 

Heating  surface  of  fire-box 105.00        Locomotive  of 

Total  heating  surface 1,239.00     Co.    FlpteO. 

Fire-grate  area 17. 70 

Sectional  area  through  tubes 3. 29 

Least  sectional  area  of  chimney 1. 23 


Ratio  of  total  lieating  surface  to  grate  surface 70 : 1     Dimensions. 

Ratio  of  grate  surface  to  sectional  area  of  tubes 5.3S :  I 

Ratio  of  grate  surface  to  least  sectional  area  of  chimney..  14.4  : 1 

Ratio  of  tube  surface  to  fire-box  surface 10.8 : 1 


There  were  several  locomotives  of  exceptional  types  ex-^i^*}Ji*^^;^j.y^ 
Libited  in  the  British  section,  particularly  those  of  Mr.  Eob-  q^^^'  waiker  & 
ert  Fairlie,  of  Fox,  Walker,  &  Co.,  and  of  Black,  Hawthoni,  thom  aco^*"^' 
&  Co.    These  will  be  considered  in  another  connection  in 
this  report.    There  was  also  an  excellent  locomotive  ex- 
hibited by  the  London,  Brighton,  and  South  Coast  Railway  t^^'^^S;  ^uJu 
Company,  which,  in  its  finish  and  beauty  and  simplicity  of^*****^*'^"-^* 
construction,  was  worthy  of  high  commendation. 


n    .J  „.  .      ,  KaUway rolling 

Railicay  rolling  stock.  stock. 

The  plan  of  the  passenger  cars  generally  adopted  in  Eu- 
rope possesses  marked  differences  from  that  usually  prevail- 
ing in  America ;  but  a  few  examples  will  suffice  to  present 
a  fair  view  of  the  European  system,  and  to  exhibit  the  points 
of  contrast  between  it  and  our  own. 

There  were  48  railway  cars  exhibited  at  Paris,  of  which  hibiSng?^™**** 
31  were  from  France,  7  from  Austria  Hungary,  4  from  Bel- 
gium, 3  from  Sweden,  2  from  Italy,  and  1  (a  Pullman  sleep- 
ing-car) from  the  United  States. 

FRENCH  RAILWA F  OARS.  vn^^C^ 

The  French  exhibit  of  railway  rolling  stock  was  not  only 
the  largest,  but  much  the  most  satis&ctory,  because  the 
most  fairly  representative  of  the  practice  of  the  country 
it  wa«  designed  to  illustrate. 

The  collection  of  the  Western  Bailwav  Company  of  France         Firtt^iaM 

-c      V  pawfiiger  eoach, 

contained  some  fine  exhibits  of  railway  rolling  stock.    The  we««rnBiiJiw»y 
illustration,  Plate  7,  represents  a  beautiful  first-class  pas- 
pen  ger  coach,  containing  four  compartments,  exhibited  by 
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'^^^-      this  company.    Eaoli  compartment  is  designed  to  seat  com- 
fortably eight  persons.    The  interiors  of  the  compartments 
coach  ^WMtem  ^^  handsomcly  upholstered ;  the  wiudow-fi'ames  are  sar- 
R^iWay  Co.       roundcd  by  moldings  trimmed  with  velvet;  the  lower  joints 

of  the  doors  are  trimmed  with  Wilton  carpeting;  the  seats 
and  the  sides,  front,  and  back  of  each  compartment  are 
cushioned  luxuriantly.  All  the  appointments  of  the  car 
are  sumptuous.  It  is  supplied  with  fixed  ventilators,  a 
double  floor,  and  double  ceiling,  and  at  night  the  compart- 
ments are  lighted  by  large  lamps. 
Description.  The  frame  is  of  iron.  India-rubber  cushions  are  placed 
between  the  body  and  the  frame,  and  the  springs  are  mounted 
with  suspension  loops.  This  car  is  intended  for  service  in 
fast  trains,  and  is  furnished  with  the  Westingbouse  air- 
brake. 

Principal  dimmmons  and  weighU.* 

Dmieusions.      Frame  supports  of  iron  cross-beams,  wood : 

Total  lengtli  over  buffers 9. 250  meters. 

Length  of  frame  over  lead-stocks 8. 150  meters. 

Carrying-springs : 

Number  of  plates 14 

Breadth  and  thickness 90  x  10  millimeters. 

Length  of  top  plate  between   points  of 

suspension 2. 000  meters. 

Deflection  per  ton  of  load 90  miUimeters. 

Draw  and  buffer  springs : 

Number  of  plates 13 

Breadth  and  thickness   75  x  11  miUimeters. 

Longthof  upper  piataj ]j;"fj;-;;;:;;;;;:::    J:S^SS 

Body  of  car: 

Greatest  length  of  body  of  ear  along  asia..  SL  370  motan. 

Breadih  at  eeot^r 2.G90meter8. 

Breadth  at  ends 2. 660  meters. 

Height  from  floor  to  roof,  interior^  at  center 

of  compartment 1. 950  meters. 

Number  of  compartments 4 

Area  of  floor  of  car 19.960  8q.  meters. 

Space  aUowed  eachpawfingcr  (inchiding  seat 

room) 9. 050  sq.  feet. 

Running-gear,  three  axles: 

Diameter  of  spindles 0. 100  meter. 

Length  of  spindles 0. 180  meter. 

Diameter  of  axle  at  center 0. 130  meter. 

Diameter  of  axle  near  the  journal 0. 145  meter. 

Di  ameter  of  axle  at  the  journal 0. 150  meter. 

*  The  dimensions  in  this  and  other  cases  are  given  in  meters  to  eon 
form  to  the  drawings,  which  are  laid  off  by  the  metrical  scale. 
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Wheels,  type  **  Mansell'^  (tires  of  steel,  cores  of  _    frakck. 

iron): 

Tbickuess  of  iron  core  0. 130  meter.  First-claw 

Diameter  within  tire 0. 920  meter.  SaUwayCo!*   ™ 

Diameter  from  out  to  out  of  tire 1. 030  meters.  Plate  7. 

Weight  of  car,  empty . .   21,384  lbs.  Load, cost, etc. 

Maximum  load,  each  passenger  and  his  hand- 
baggage  being  estimate<l  to  weigh  165  lbs.    5, 280  lbs. 

Weight  for  each  passenger 825  lbs. 

Cost  of  coach  at  factory,  inolading  brake..  $3,000 

Ratio  of  diameter  of  spindles  to  that  of  the 
wheels 0. 097 

Mean  weight  of  each  axle,  mounted 2, 050  lbs. 

Wheel-base 17  ft.  10  In. 

Maximum  load  per  axle 6  tons. 

There  were  two  very  comfortable  and  elegant  salon  cars 
exhibited  in  the  French  section,  one  shown  by  the  North- 
ern Eailway  Company,  affording  accommodations  for  not 
more  than  twelve  persons,  and  one  designed  and  manu- 
factured by  M.  E.  Chevalier,  Paris.  The  latter  was  de-  m.  e.  chevaUer. 
signed  to  accommodate  a  family  or  small  party  traveling  Family  coach, 
together.  It  was  subdivided  into  a  salon,  a  sleeping  apart- 
ment, a  kitchen,  a  lavatory,  etc.  It  could  accommodate 
only  six  passengers  and  two  servants.  Both  of  these  cars 
were  handsomely  finished  and  comfortably  arranged,  but 
were  deficient  in  economy  of  space,  and  in  this  respect  vastly 
inferior  to  the  system  of  drawing-room  and  sleeping  cars  in 
use  upon  the  railways  of  the  United  States,  of  which  latter 
class  of  vehicles  the  Pullman  sleeping-car  exhibited  in  the 
American  section  was  a  splendid  illustration. 

AUSTIUA-UUM- 

A  U8TRIAN  RAILWA T  OARS.  o^R^- 


There  were  in  the  Austrian  section  several  passenger 
coaches  and  one  postal  car,  all  of  which  were  creditable 
examples  of  the  railway  practice  of  that  country.  There 
were  also  exhibited  some  designs  of  very  weTL  arranged 
cars  and  coaches  in  the  service  of  the  Austrian  State  Ball- 
way  Company.  These  do  not  differ  radically  from  the  cars 
used  upon  the  railways  of  other  European  countries. 

Views  are  given  of  three  of  the  passenger  cars  of  this  ognAe/ASSSS 
company  in  the  accompanying  illustrations.  ^^^  Railway. 

Fig.  1  represents  a  first-class  passenger  car.    Tbe  two^^^^^^  ^^ub^j 
middle  conpis  are  in  the  ordinary  style  of  compartments  for 
first-class  passengers ;  the  coxipis  at  each  eod  are  provided 
with  shifting  seats,  which  may  be  so  a<^usted  as  to  enable 
the  passenger  to  recline  comfortably,  called  fauteuils-lits. 


mm 
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^^^AUY^^^    '^^^  middle  compartments  seat  six  passengers  each,  and 
tbe  coupes  d  fautetiils-Hts  three  each.    The  principal  dimen- 


Austrian  State  sions  of  the  Car  and  compartment.8  are  indicated  in  the  en 

RAilwav;      flret-  .         •  . 

ckuw coach.  Fig.  graving  m  meters. 

"""  ■  The  weight  of  the  car  is  9  tons;  weight  for  each  pas- 

senger carried,  1,110  lbs. ;  number  of  passengers  carried,  18. 

coac^^^M^rol!     ^^S'  ^  represents  a  second-class  passenger  car  of  the 

Austrian  State  Eailway  Company,  built  in  1876,  giving  an 
exterior  and  interior  view.  The  frame  is  of  iron  and  wood; 
the  panels  of  the  body  of  sheet-iron,  as  is  also  the  roof; 
the  seats  and  backs  are  upholstered  with  green  morocco 
and  the  panels  with  oil-doth ;  it  has  four  compartments, 
each  seating  8  persons.  The  car  weighs  9^  tons,  or  060  lbs. 
for  each  passenger  carried.  The  principal  dimensions  are 
indicated  in  the  engraving  in  meters. 

coach ^^iT^^^reaT     ^'»'  ^  S^^^^  ^^  extcrior  and  interior  view  of  an  ordinary 

third-class  passenger  car  of  this  company  and  its  principal 
dimensions  in  meters.  The  frame  is  of  wood  and  iron  ;  the 
panels  and  roof  of  sheet-iron ;  wooden  benches,  with  seats 
and  backs  uncushioned.  Weight  of  car,  17,700  lbs. ;  weight 
ibr  each  passenger  carried,  390  lbs. ;  number  of  passengers 
carried,  50. 

^^Frei-bt  car.     Fig.  4  rcprcseuts  a  freight  car  of  the  ordinary  type  in  use 

upon  the  Austrian  State  Railways.  The  frames  are  of  wood 
and  iron,  roof  of  sheet-iron,  frame  of  the  body  of  car  of 
oak,  with  vertical  strips  of  hard-pine  plank  from  the  top  to 
the  bottom.  Weight  of  car  without  the  brake,  13,630  lbs. ; 
maximum  load,  10  tons;  dead  weight  for  each  ton  of  load, 
1,265  lbs. 

A  sleeping-car,  elegantly  finished  and  comfortable  in  its 
appointments,  of  a  type  recently  introduced  upon  the  Aus- 
trian State  railways,  merits  a  fuller  notice. 
Sleeping  car.     This  coach,  Plate  8,  was  designed  after  a  careful  study  of 
***'  the  different  kinds  of  sleeping-cars  in  use  in  Europe  and 

America,  and  was  intended  to  supply  a  wjint  which  was  felt 
not  to  have  been  fully  met  by  any  of  the  types  heretofore 
introduced. 

The  i)lan  of  these  coaches  is  entirely  exi)erimental,  but  it 
is  hoped  that  a  fair  trial  will  show  them  to  be  what  is 
claimed  for  them,  an  improvement  upon  the  older  styles  of 
sleeping-cars,  at  least  in  respect  to  the  demands  of  Euro- 
pean travel.  They  are  manufactured  at  the  workshojHj  of 
the  company  at  Simmering. 
Description.  The  car  comprises  two  divisions.  The  first  division  em- 
braces two  compartments,  each  of  which  may  in  turn  be 
subdivided  into  two  separate  sections,  in  each  of  which  the 
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passe&ger  may  sleep  and  make  his  toilet.    The  second  divis-    adstria-hux- 

ion  comprises  three  distinct  compartments,  in  each  of  which 

the  traveler  may  sleep  and  make  his  toilet  in  privacy. 

Each  of  the  first  two  compartments  affords  accommodations    Austrian  state 
for  four,  and  upon  an  emergency  six,  persons  during  the'"""^- 
day  and  two  at  night.    The  whole  car  will  thus  afford  sleep-      sieeping^jar. 
ing  accommodations  for  seven  persons,  and  in  the  daytime 
will  seat  eleven,  and  if  necessary  thirteen,  persons.    It  is 
provided  with  lavatories  and  a  water-closet ;  a  place  for  the 
guard ;  a  closet  for  bed  linen,  etc. ;  and,  what  is  extremely 
rare  outside  of  the  United  States  and  Canada,  a  water-cooler 
for  iced  drinking  water.    As  will  be  seen  fix)m  the  illustra- 
tion, Plate  8,  a  passage  runs  through  the  whole  car,  so  that 
there  may  be  ready  communication  between  the  different 
sections  and  compartments.     This  passage,  however,  is    DeMription. 
closed  by  a  door  between  the  first  and  second  division  and 
again  between  the  two  compartments  of  the  first  division. 
The  compartments  have  double  windows,  one  of  the  sashes 
being  furnished  with  glass  and  the  other  with  blinds  of 
wire  gauze.    At  night  the  passage  is  lighted  by  means  of 
lamps  and  the  compartments  are  lighted  by  candles. 

The  extreme  wheel-base  is  15.925^  The  total  weight  of 
the  car  in  running  order  is  27,770  lbs.  The  dea<l  weight  for 
each  passenger  carried  is,  at  night,  3,968  lbs. ;  by  day,  with 
eleven  passengers,  2,626  lbs.,  or  with  thirteen,  2,136  lbs. 

The  enormous  dead  weight  which  such  an  arrangement  of 
a  coach  necessitates  renders  it  far  from  economical,  but 
apart  from  considerations  of  economy  the  car  is  an  ex- 
tremely comfortable  and  luxurious  one. 

Narrow-gage  railways^  tramways^  engines^  and  cars.         rauJayZ^^^' 

Notwithstanding  the  profound  attention  which  the  ques-  ThequesUonof 
tion  as  to  the  proper  gage  to  be  adopted  for  railways  has  ^^^  "***  wttied. 
received  at  the  hands  of  railway  engineers  and  construct- 
ors, Jind  the  immense  sums  expended  in  practical  experi- 
ments as  to  the  special  advantages  of  the  various  gages 
which  have  been  suggested,  the  question  cannot  be  re- 
garded in  Europe,  any  more  than  in  America,  as  finally  set- 
tled. 

The  gage  adopted  in  Germany  and  generally  throughout  standard  Euro 
Europe  is  4'.  8J''.  between  the  rails.  The  gage  in  France  prenchgage. 
upon  the  main  lines  is  4'  Sy  and  4'.  9^'.  Still,  there 
are  men,  thoroughly  acquainted  with  the  subject,  who  in- 
sist that  under  certain  conditions,  existing  to  a  greater  or 
less  extent  in  large  sections  of  almost  every  country',  a  gage 
nanower  than  the  standard  width  should  be  adopted,  and 
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rauJSa7^''^^'  they  urge  the  advantages  of  cheapness  of  coustructiou  and 

economy  and  efficiency  of  working  roads  of  the  width  of  a 
meter,  or  a  little  more  or  less,  with  as  much  eamestnestt, 
and  their  views  are  combatted  by  the  advocates  of  the  pre- 
The  battle  of  vaiHug  gagc  wlth  as  mach  vehemence,  as  though  the  battle 
o  gage*.  were  freshly  joined.    The  feeling  manifested  in  these  dis- 

cussions must  occasion  some  surprise  to  one  who  brings  to 
the  consideration  of  the  subject  no  preconceived  notions 
and  no  prejudices  or  special  predilections. 
ArtvocatoB  of     Among  the  advocates  of  the  broad,  the  standard,  and  the 

the  Tmwrt.  stand-  i..      i      xi.  i  x    j-  i 

ard,  aiwi  narrow,  uarrow  gagcs  respectively  there  are  men  whose  studies  and 

^'^^^'  attainments,  whose  skill,  and  practical  acquaintance  with  the 

subject  entitle  their  conclusions  to  respect  and  confidence, 
but  the  tests  of  practical  experience  are  of  yet  greater  value. 
The  results  obtained  from  the  trial  of  the  narrow  gages 
have  certainly  demonstrated  that  under  special  conditions 
they  possess  many  of  the  advantsiges  claimed  for  them  by 
their  a<lvocate8.  On  the  other  hand,  the  enormous  work 
being  well  and  successful I3'  done  throughout  the  civilized 
Argaments  pro  world  by  roads  of  the  standard  gage,  and  the  preference 

and  oon.  which  tlic  railway  companies  of  the  world,  after  years  of 

discussion  and  experiment,  still  manifest  for  this  gage, 
would  seem  to  indicate  that  whether  its  adoption  was  orig- 
inally a  matter  of  accident  or  of  design,  it  has  been  pre- 
served as  the  gage  of  the  greater  part  of  the  railways  as 
yet  built  as  a  matter  of  convenience  and  of  advantage,  and 
not  from  a  mere  aversion  to  change  or  from  caprice. 
Theepcciai  con-     The  experience  of  narrow-gage  roads  seems  to  have  shown 

narrow  (race  is  that  for  rcgious  not  thickl^'  inhabited,  not  aftbrding  a  large 

railway  traffic,  presenting  in  the  topography  of  the  country 
diflicultips  of  construction  by  reason  of  the  heavy  gradients 
and  short  curves  to  be  surmounted,  the  roa^ls  of  less  gage 
are  the  best,  because,  while  they  possess  ample  carrying  ca- 
pacity for  the  wants  of  such  a  countrj'^,  they  are  more  cheaply 
built  and  more  cheaply  worked  than  roads  of  the  ordinary 
width  between  the  rails. 
Oiir  int«rc8tin     The  subjcct  is  ouc  of  profouud  interest  to  all  countries, 

t  e  au  jec .        ^^^  ^^  nouc  of  morc  importance  than  to  ours,  with  a  vast 

territory  yet  unsupplied  with  adequate  means  of  tran8i>ort, 
with  enormous  resources  yet  to  be  utilized,  and  with  a  popu- 
lation ever  ready  to  devote  their  energies  with  restless  and 
resistless  activity  to  pressing  forward  old  and  building  up 
new  industries. 

Ill  view  of  these  considerations,  the  exhibits  at  the  Paris 
Exposition  connected  with  service  upon  narrow-gage  rail- 
roads were  studied  with  much  interest. 
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There  were  admirably  constructed  engines  exhibited  ™  ^aiJi^^rT^'^"^ 
the  sections  of  Belgium,  Great  Britain,  and  Austria  which 
were  designed  for  service  tti)on  tramways  and  narrow-gage 
roads. 

One  of  the  most  perfect  of  these  was  the  saddle-tank  en-  aanow-ngo  en- 
gine exhibited  by  Messrs.  Black,  Hawthorn,  &  Co.,  of  Gates-  l^^horn  sl  co! 
head-upon-Tyne,  England,  a  machine  designed  for  service  ^^^  ** 
upon  light  railways  of  3^  gage.    It  had  outside  cylinders 
and  4  cc  iipled  wheels.    The  action  of  the  engine  was  sim- 
ple and  direct.    Tliere  was  no  dome  upon  the  boiler.    The 
weight  was  so  distribated  as  to  equalize  the  burden  upon 
the  4  wheels.    The  fire- box  was  of  copper,  the  boiler- tubes    DewriptioB. 
of  brass;  working  pressure  135  lbs.  per  square  inch,  or 
abont  ten  atmospheres ;  the  weight  of  the  locomotive  in  fair 
working  order  is  about  3}  tons,  and  it  possesses  a  sufficient 
adhesion  and  tractive  force  to  haul  a  load  of  63  tons.    The 
slides,  piston-rods,  valve-rods,  crank-pins,  cross-bars,  and 
the  tires  are  of  the  best  steel,  and  the  whole  mechanism  of 
the  movement  is  of  wrought  iron,  well  chilled.    This  engine 
will  pass  with  ease  around  curves  of  a  radius  not  exceeding 
20'.    Plate  9  presents  a  side  view  of  this  locomotive  ("  Mign- 
onne'').    The  principal  dimensions  are  as  follows : 

Diameter  of  cylinders 5  in.     DixneaskMU. 

Stroke  of  pistonn 10  in. 

Wheel-base 3  ft. 

Length  of  boiler 4  ft.  10  in. 

Diameter  of  boiler 1  ft,  10  in, 

Thickneas  of  boiler-plate i  in. 

Number  of  tubes 31 

Heating  surface  of  tubes,  about 57  sq.  ft. 

Surface  of  fire-grat« 2  sq.  ft. 

Total  heating  surface G7  sq.  ft. 

Diameter  of  wheels 1  ft.  8  in. 

Tires,  be^t  steel 4in.xl^in. 

Diameter  of  journals 3  in. 

Length  of  journals  4  in. 

Capacity  of  tank 50  gals. 

Capacity  of  coke-boxes 3  cu.  ft. 

The  feeding  apparatus  consists  of  two  No.  4  iigectors. 
The  boiler  has  been  tested  to  200  lbs.  per  square  inch.  The 
consumption  of  fuel  is  289  lbs.  of  coke  in  12  hours ;  that 
of  oil,  tallow,  etc.,  is  estimated  at  14  cents  for  the  same 
period. 

The  Fairlie  Engine  and  Eolling  Stock  Company,  of  Lon-    pairiie  Bngine 
don  and  Bristol,  exhibited  a  powerftil  and  well-flnished  lo-gJ^K^^^s^^ 
comotive  of  the  standard  gage,  from  the  designs  of  Mr. 
Robert  F.  Fairlie,  the  distinguished  engineer,  inventor,  and 
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varmt-gagc  maDUfitctureT ;  also  designs  and  i>articular8  of  a  large  tmni- 
ber  of  engines  of  the  types  iutroduced  by  Mr.  Fairiie  for 
service  upou  narrow-gage  roads,  nombers  of  which  are  rep- 
reseuted  to  be  in  actual  aud  successful  use  apou  railways  of 


gages  ranging  from  1'  11^"  to  the  standard  gage,  in  Wales, 
Ireland,  Bnssia,  Korway,  Australia,  South  America,  Mexico, 
and  elsewhere. 

The  accompanying  engra^dng  (Fig.  5)  reitreseuts  an  en- 
gine of  the  Fairiie  system  built  for  a  .oad  of  3'  gage. 
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This  locomotive  has  4  cylinders,  of  13 J"  diameter,  1^%««^"7*^"^*^* 
stroke  of  pistons;  12  wheels,  of  3'  3"  diameter,  all  coupled; 
aggregate  heating  surface,  1,325  square  feet;  capacity  of 
water-tanks,  1,450  gallons,  and  of  coal  bunkers,  1^  tons; 
weight  of  locomotive  in  working  order,  45  tons.    All  the  ngnre  6.  *"*^®' 
wheels  being  coupled,  the  whole  weight  is  available  for 
adhesion,  and  the  traction  force  at  the  rails  is  16,200  lbs. 
The  mean  cylinder  pressure  is  100  lbs.  per  square  inch.    i>«««ription. 
Several  machines  of  this  type  have  been  built  for  the  Ven- .    _   ,J^k™^* 

*  *^  for  South  Amcri- 

ezuelan  Government  railways,  and  engines  of  the  same  spe-  c*n    roaaa    of 

'  et«*«?p  p^rauot,  and 

cial  design  have  been  built  upon  a  large  scale  for  the  Pisa-  curve*  of  short 
gua  EaUway  of  Pern,  a  line  having  gradients  as  steep  as  1 
in  25,  and  curves  of  250^  radius. 

The  following  advantages,  among  others,  are  claimed  for 
the  locomotives  of  this  system : 

(1)  That  the  arrangement  of  the  running-gear  and  the  »^^*^|I^Y^^*  **' 
short  wheel-base  enable  the  Fairlie  engine  to  pass  around  gine. 

short  curves  without  injury  to  the  track  or  strain  upon  the 
machine,  and  the  arrangement  of  the  under  frames  to  the 
boiler  admits  of  free  movement,  vertical  and  horizontal. 

(2)  That  the  whole  weight  of  the  engine  is  available  for 
adhesion,  while  yet  the  wheel-base  is  short,  and  that  the 
weight  is  so  distributed  as  to  reduce  the  load  per  wheel  so 
greatly  that  a  lighter  rail  may  be  employed  than  could  be 
safely  used  with  an  ordinary  and  much  less  powerful  ma- 
chine. 

(3)  That  the  large  heating  surface  secured  will  enable  a 
narrow-gage  engine  to  haul  with  ease  up  long  and  steep 
gradients  a  load  with  which  it  would  be  impossible  for  an 
ordinary  locomotive  to  mount  such  ascents,  because  the 
steam  upon  the  ordinary  locomotive  would,  under  such  con- 
ditions, give  out,  while  the  water-level  over  the  fire-box  re- 
mains in  the  Fairlie  engine  always  constant. 

(4)  That  it  will  do  the  work  of  two  ordinary  engines 
coupled  together  much  better  than  it  would  be  possible  for 
them  to  do  it,  for  the  reason  that  two  machines  coupled 
together,  with  a  full  load  behind  them,  would  drop  their 
steam  as  quickly  as  one,  and  because,  while  the  water-level 
would  be  very  high  over  the  fire-box  in  one  of  the  locomo- 
tives, the  fire-box  of  the  other  might  be  uncovered. 

(5)  That  the  Fairlie  engine  develops  more  power  and 
at  less  cost  than  could  be  realized  with  two  locomotives  of 
the  same  vital  dimensions  of  the  onlinary  types. 

(6)  That  they  ride  smoothly  over  roads  uiwn  which  the 
ordinary  locomotives  would  move  with  difficult3'. 

(7)  That  by  reason  of  the  above  advantages,  and  partica- 


454  UNIVERSAL   EXPOSITION   AT   PARIS,   1878. 

yarrom-gageiQ^Yiy  of  the  foct  that  the  power  of  these  locomotives  is  not 
limited  by  the  width  of  the  track,  ^^they  solve  the  problem 
of  narrow  gage  and  make  such  lines  as  efficient  as  lines  of 
the  greatest  width." 

No  little  attention  has  been  bestowed  upon  the  subject  of 
narrow-gage  railways  in  Great  Britain  and  upon  the  Con- 
tinent by  railway  engineers  and  constmctors. 

»«^c»-  PRANCE. 


condnsioiui  of    The  result  of  the  experience  and  studies  of  the  en^neers 

gineen.  of  France  may,  in  the  language  of  M.  E.  YiUevert,  a  dis- 

M.E.viUovert.tiuguig2i^  engineer  of  that  country,  be  summarized  as 

follows  : 

That  the  lines  of  general  interest  and  those  of  intematioiial  and 
strategic  importance  should  be  constructed  of  the  ordinary  4  ft.  8^  in. 
gage  already  adopted  by  the  principal  raUway  companies  of  the  world, 
so  as  to  allow  the  free  movement  of  trains  and  transportation  of  mer- 
chandise, war  material,  passengers,  and  troops  without  change  of  cars 
or  breakage  of  hulk. 

Uses  of  thenar-     It  is  Urged,  howcver,  that  there  should  be  in  France  an 

*^'      extensive  system  of  narrow-gage  roads  auxiliary  to  the 

lines  of  standard  gage;  that  narrow-gage  roads  should 

be  built  wherever  the  lines  are  merely  of  local  interest  and 

will  not  give  an  adequate  return  for  the  outlay  necessary 

for  the  more  expensive  plant  of  the  broader  gage. 

DimensioM     Thc  roads  of  uarrow  gage  now  being  advocated  in  France 

roadbed      and  are  of  the  following  description:  Gage,  1  meter  (39.371  in.); 

width  of  road  bed,  12'  ^"  in  cuts,  and  upon  tills  from  11'  to 
11'  8" ;  the  masonry  of  undressed  stone,  built  in  the  ordi- 
nary way ;  the  ballast  to  be  12"  thick ;  cross-ties  6'  (y  long, 
7|"  wide,  and  5^"  thick ;  rails  to  weigh  34J  lbs.  per  yard. 
Co»t  per  mUe.      The  whole  cost  of  such  a  road  in  France  under  ordinary 
circumstances  is  estimated  to  be  about  $29,000  per  mile- 
far  less  than  half  the  average  cost  of  the  railroads  of  stand- 
ard gage  heretofore  built  in  that  country.     The  depots, 
Diminisbed  bridges,  and  works  of  art  generally  are  projected  upon  a 
nlf^^rerectimiT'^  much  less  expcusive  scale  and  less  durable  and  desirable 

materials  and  modes  of  construction  than  those  in  use  upon 
the  standard  roads.  The  cost  of  a  road  of  a  meter  gage, 
built  in  the  thorough  manner  in  which  the  roads  of  stand- 
ard width  are  usually  constructed,  would — ^including  fix- 
Relative  cost  of  turea,  depots,  shops,  rolling  stock,  etc. — probably  cost,  upon 
Jj!?^"'^"*'^  the  same  scale  of  comparison,  from  GO  to  75  i)er  cent  of  the 

cost  of  4'  8^"  a  road,  taking  the  roads  already  built  in  France 
as  criteria. 
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GREAT  BRITAIN.  obeat  bmtaln. 

Ill  Great  Britain  and  in  the  British  colonies  and  depend-  ruiim!^^^^^ 
encies  earnest  and  enlightened  consideration  has  been  given 
to  the  subject  of  the  construction  of  narrow,  cheap,  and 
economical  railwa3's.  The  most  remarkable,  as  it  is  the 
most  successful  of  all  the  narrow-gage  roads  to  which  my 
attention  has  been  called,  is  the  well-known  line  of  2'  11^''^^^^^**!^ 
gage  from  Port  Madoc  to  Festiniog,  Wales.  "^^y- 

The  conditions  under  which  this  line  has  been  built,  de- 
veloped, and  worked  have  been  exceptional;  but  its  success 
is  connected  with  points  of  practical  interest  to  many  regions 
in  our  own  country;  and  while  it  may  be  regarded,  perhaps, 
rather  as  a  curiosity  than  a  precedent,  still  the  results  ac- 
complished by  this  railway  in  miniature  are  so  remarkable 
that  it  may  not  be  an  unprofitable  task  to  examine  the  sys- 
tem of  this  extraordinary  line  at  greater  length. 

The  road  is  built  from  the  shipping  port  above  mentioned    Leogih. 
to  Dinas,  in  the  vicinity  of  immense  slate  quarries  among 
the  mountains,  some  twelve  or  thirteen  miles  from  the  coast. 
It  traverses  a  wild,  difficult,  and  rugged  region,  overcoming  tri^SSed*'^*''**"* 
about  700  feet  of  elevation  in  twelve  and  one-quarter  miles, 
the  gradients  attaining  a  maximum  of  I  in  67,  and  curves    Gniditnts  unu 
of  3,  4,  5,  G,  8,  10,  and  15  chains  radius,  with  one  curve  of 
116  feet.    Since  1863  this  road  has  been  operated  by  steam 
motive  power. 

Tlie  track  is  laid  with  double-headed  iron  rails,  weighing    Tta^k. 
50  lbs.  to  the  yard.    The  permanent  waj^,  track,  locomotives, 
rolling  stock,  and  the  other  necessary  appointments  of  the 
line  are  constructed  in  a  thorough  and  substantial  manner. 

The  total  cost  of  tbe  thirteen  and  one-quarter  miles,  in-  Cost 
eluding  all  outlays  for  roadway  and  appurtenances  and  large 
expenditures  incurred  in  adopting  a  number  of  changes  and 
improvements  upon  the  original  design,  has  been  £86,000 
for  the  whole  line,  or  about  $30,660  per  mile  for  plant  and 
equipment.  In  \iew  of  the  fact  that  this  is  only  about  one- 
sixth  of  the  average  cost  per  mile  of  the  roads  of  standard 
gage  in  England  and  Wales,  the  disparity  in  cost  is  re- 
markable. 

Such  is  the  exceedingly  difficult  character  of  a  portion  of 
the  ground  over  which  the  road  is  built  that  the  cost  of  a 
single  mile  of  the  line,  according  to  the  estimate  of  the  en- 
gineer, Mr.  C.  E.  Spooner,  would  have  been,  had  it  been 
attempted  to  build  a  road  of  4^  8^'^  S^Q^y  as  much  as  the 
cost  of  the  entire  line  has  actually  been. 

The  road  has  made  steadily  a  net  revenue  for  its  owners   Returnforcapi 
upon  the  whole  amount  of  capital  invested  of  from  6  to  13       ^^    * 
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OKBAT  BBTTAiy.  per  ccDt.  pcF  aiiQum,  and  it  is  proper  to  add  that  of  the 
£86,000  actually  represented  a^  invested,  £50,000  have  been 
rmami7^^^^  accumulated  out  of  the  annual  revenues. 

The  rolling  stock  embraces  9  locomotives,  of  which  2  are 
double-bogie  Fairlie  engines  with  double  boilers,  4  coupled 

Port Madocanti  wheels  to  cach  bogic;  wheels,  32''  in  diameter;  cylinders, 

way.  8J'';  wheel-base  of  each  bogie,  4'  6'';  total  wheel-base, 

19';  weight,  22  tons:  2  others  with  4  wheels  coupled;  8" 

by  12"  cylinders;  5'  wheel-base;  diameter  of  wheels,  2'; 

weight  of  machine,  10  tons :  4  of  4  coupled  wheels,  having 

RoffiBg stock.  4/  Qu  wheel-base,  and  weighing  8  tons:  and  1  single-boiler 
double- bogie  Fairlie,  with  8 J"  cylinders ;  14"  stroke;  wheels, 
32"  in  diameter;  wheel-baae  of  leading  bogie,  4'  6",  of  trail- 
ing bogie,  3'  6" ;  total  wheel-base,  13'. 

Types  of  pas-  The  passcugcr  cars  of  this  line  embrace  three  types :  (1) 
One  having  4  wheels,  length  of  car  12',  width  C  3",  seats 
arranged  longitudinally,  the  passengers  sitting  back  to  back, 
six  upon  each  seat ;  (2)  the  second  type,  4- wheel  cars,  divided 
into  two  compartments,  each  seating  six  persons;  (3)  bogie 
cars,  composite,  with  first,  second,  and  third  class  compart- 
ments, built  36'  or  32'  long,  6'  wide,  the  36'  cars  carrying 
six  first,  six  second,  and  thirty-six  third  class  passengers, 
and  the  32'  cars  six  first  and  forty  third  class  passengers, 
maximum  seating  capacity.  The  seats  are  arranged  as  in 
the  coupes  upon  the  prevailing  type  of  passenger  coaches  in 
use  upon  the  European  roads. 
The  writer  rode  over  this  road  twice,  and  through  the 
Mr.c.K.8poon6r.  eourtcsy  of  Mr.  0.  E.  Spooner  was  permitted  to  ride  upon 
•Little womder."  ilig  locomotivc,  "Little  Woudcr,''  and  also  upon  the  bogie 
passenger  coaches  and  one  of  the  slate-wagons — ^the  last 
of  a  train  of  some  thirty  cars  and  wagons.  The  smoothness 
witn  which  the  train  passed  the  sharp  curves  and  over  the 
heavy  grades  of  this  miniature  line,  the  freedom  from  un- 
pleasant shocks  and  jars,  the  remarkable  evenness  and 
absence  of  oscillation  in  the  running  of  the  locomotive, 
even  upon  the  difficult  portions  of  the  line,  were  greatly  to 
be  admired. 

Tlie  whole  of  the  rolling  stock  is  provided  with  central 
coux)lings  and  buffers^  which  greatly  facilitate  the  passage 
of  curves. 

Speed.  The  trains  are  run  at  a  speed  of  from  10  to  25  miles  an 

hour,  sometimes  attaining  a  velocity  of  30  miles  or  more 
without  injury  to  the  rolling  stock  or  track. 

The  line  in  its  construction  and  equipment  and  manage- 
ment is  a  monument  to  the  engineering  skill  and  the  effi- 
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ciency  and  faithfulness  of  the  officers  of  the  company  and 
their  assistants. 

Portable  railways. 

M.  Decauville,  sr.,  of  Petit-Bourg  (Seine-et-Oise),  exhib-  ^^  ^%r^fy,^l 
ited  an  iron  tramway  and  itjj  equipment,  manufactured  at  "*"«»•  «tc. 
his  establishment  at  Petit-Bourg,  near  Paris,  which  are 
admirably  de^sigued  to  meet  a  felt  want  for  a  cheap  and 
reliable  means  of  transportation  for  more  or  less  temporary 
use  in  the  service  of  mines,  in  forest  and  factories,  and  in 
(connection  with  large  agricultural  operations,  such  as  those 
upon  a  sugar  plantation. 


M.  Decaaville. 


Rail. 


.^;^^^i^Ns^c;^ss^555sss^^sj^^»^^ 


Fig.  G. — Section  of  rail  for  farm  and  mine  tramways  (full  size),    {Decau- 

vilhy  Petit-Bourg.) 


Rail-joints. 


Fio.  7. — Joint  for  iron  tramtcatf  9ections.    (DecauvilUy  Petit-Bourg.) 

This  tramway  (Figs.  6-10)  consists  of  a  movable  ii*on  Dewription  of 
track  formed  in  sections,  the  rails  being  connected  at  inter- 
vals by  iron  cross-bars.  The  sections  are  united  to  each 
other,  as  the  track  is  laid,  by  fish-joints  arranged  so  as  to 
be  securely  and  readily  bolted  to  the  rails  of  the  sections 
to  be  connected.  The  sections  are  from  4  to  18'  long,  ac- 
cording to  the  gage  of  the  road,  purposes  for  which  it  is 
to  be  used,  nature  of  ground,  and  other  conditions.  The 
gages  generally  used  are  15'',  19",  and  24".  The  rails 
are  made  of  Bessemer  steel,  are  miniature  inverted  T  rails, 
and  weigh  usually  8^  lbs.  i>er  yard.    The  rails  and  the 
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ptrtabu  rauieay.  flat  csToss-baaJs  couDectiDf;  theiD  are  itit«tide<l  to  lie  flat 
iipOD  the  ground.  These  counectiog  croBs-bandg  or  bara 
M.  DecMviUe.  g^pg  arranged  at  intervals  of  4'  or  less.  A  track  of  either 
of  the  gages  mentioned  will,  it  is  claimed,  bear  a  normal 
weight  of  one  ton  for  each  car-axle  if  it  rests  upon  a  smooth 
and  solid  snr&ce,  and  if  located  u[ion  an  irregular  surface, 
as  would  generally  be  the  case  when  used  for  a  temporarj' 
purpose,  woidd  sustain  a  burden  of  one-half  of  a  ton  for 
each  axle.  The  annexed  figures  fiusly  represent  the  rails 
used  for  this  tramway  and  the  method  adopted  for  coouect- 
iug  the  sections  of  the  track.    A  complete  section  of  track 


18*  in  length  will  weigh  abont  104  lbs.,  and  can  be  readily 
carried  by  one  man.    The  track  can  thus  be  rapidly  taken 
up,  moved,  and  relald.    Sections  of  curved  rails  and  short 
sections  are  provided  for  turning  carves. 
The  wagons  are  constructed  with  4  and  sometimes  with  6 
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wheels,  and  of  various  designs,  accordiug  to  the  uses  for  ^""^rtto  miiwav , 
which  they  are  loteDded,  atid  are  designed  to  carry  &otn 
500  to  2,000  Iba.  or  more,  each,  accordiag  to  the  character    m.  Dwaoriiie. 
of  the  ground  aud  the  weight  of  the  rail  used. 


Fio.  y. — DtcauviWt  tramiBag  oar  uted  in  niiiM. 

The  accompanying  illustrations  (Figs.  0-10)  illustiate  the 
plan  of  constructing  this  tramway,  and  some  of  the  inodea 
in  which  it  may  be  used. 

Street-railway  eart.  strm-raUMiy 

The  designs  of  the  cars  in  use  upon  street  railways  in 
Euroi^o  seem  to  have  been  generally  borrowed  ttota  Amer- 
ica. Those  in  use  upon  the  tramways  of  Paris  are  admira- 
bly arranged,  commodious,  and  convenient.  Upon  some  of 
the  lines  of  the  "General  Omnibus  </ompany"  of  Paris,  Geusni  omui. 
which  operates  many  miles  of  tramways  in  that  city,  the 
cars  are  pi-oTided  with  a  doable  row  of  seats  upon  the  top, 
the  passengers  sitting  on  the  top  benchesbaokto  back,  and 
they  have  conveniently  designed  stairways  at  each  end  for 
ascending  to  the  top. 

The  larger  cars,  those  on  the  principal  lines,  seat  20  pas-  suung  ami 
sengera  on  top,  23  inside,  and  afl'ord  standing  room  for  6  ly  afcm.'*'*' 
l>aH8engers  upon  the  platform.  The  guard  never  allows  a 
larger  number  to  get  upon  the  oar.  These  liues  are  man- 
aged with  great  system,  and  the  oars  are  run  with  com- 
mendable regularity,  and  a  marked  regard  is  shown  fiirthe 
comfort  and  convenience  of  the  passengera. 
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Htrat-raOuraY    xhe  ton  for  anj  distance  upon  any  line  or  to  any  point 

upoD  a  connectiiig  line,  vitii  a  "  traoefer  "  or  '*  correspond- 

bM^rS^l'" *"*'*"  ticket,  is  6  cents  below;  for  any  distance  npon  the 

same  line  the  tare  on  top  is  3  cents,  or  with  a  "  correspond- 

tuM.  ence"  tor  a  connecting  line  6  cents. 


Flu   1        Tra    ica J  of  the  Dtraui  tie  lytlim /or  iHgar  ptuHlat 


inaMeaoddreic  In  keeping  witb  the  observance  of  class  distinclious,  so 
conspicuOQS  everywhere  in  Europe,  the  top  was  designed 
originally  for  tlie  peasant  and  laboring  ixipnlation  of  Paris, 
but  in  good  weather  the  deck  seats  are  considered  by  many 
perHons  the  most  desirable,  and  are  occupied  indiscrimi- 
uately  by  all  classes  of  paaaengera. 
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The  general  plan  and  constraction  of  the  cars  is  that     strut^auway 


ears. 


adopted  in  the  United  States,  except  that  the  wheels  upon 
one  side  are  made  without  JlangeSy  so  as  to  fiBkcilitate  the  pas-    General  onmi. 
sage  of  curves  and  the  hauling  of  the  car  oflF  from  the  track  ^  ^'^ 
should  any  interposing  obstacle  obstruct  the  track  and  ren- 
der it  necessary  to  move  the  Crir  around  and  on  to  the  track    Thetnck. 
again.    The  track  is  grooved,  and  the  wheels  upon  one 
side  of  the  cars  are  constructed  with  a  flange  or  head,  which 
runs  in  the  groove  of  the  rail. 

There  were  a  number  of  cars  and  locomotives  for  use  upon 
tramways  in  cities  exhibited  in  the  French  and  other  sec- 
tions.   Among  their  attractive  collections  of  exhibits  none  ^^^  American  ox- 

niDit. 

were  more  admired,  and  none  of  better  workmanship  or 
more  tastefully,  indeed  beautifully,  decorated,  and  more 
Cvonveniently  arranged,  than  the  American  street  cars  ex- 
hibited in  the  United  States  section,  manufiEictured  by  J.  G.  J-^Briu. 
Brill,  of  Philadelphia,  and  by  the  John  Stephenson  Com-  J'^^  Stephen 
pany,  of  Kew  York  City.  There  wereino  cars  for  similar  uses 
exhibited  from  any  other  country  which  were  as  well  de- 
signed or  of  better  finish  than  the  three  street  cars  exhibited 
by  the  manufacturers  last  named.    They  were  of  types  too    ExceUentinde 

•^  ,  .      .  •*gn    •n<i   work- 

well  known  in  this  country  to  render  any  description  iieces-  maneWp. 

sary,  but  in  the  thoroughness  and  beauty  of  their  execution 
and  workmanship  they  have  scarcely  been  ever  surpassed 
in  any  country.  The  same  may  be  said  with  equal  empha- 
sis of  the  car  from  the  works  of  Mr.  Brill. 


The  engines  and  cars  for  service  upon  tramways  exhibited » JSrir**^****^ 
by  the  8oci6t6  OinSrale  des  Moteurs  A  Air  Oomprimij  are  deserv- 
ing of  notice  in  this  connection.    The  cars  are  of  the  ordi- 
dary  type  in  use  upon  the  street  railways  in  Europe,  as 
shown  by  the  plate.    The  locomotive  is  of  the  system  of  M.  j^fjj^^  ®'  ^• 
L.  M^karski,  and  is  propelled  by  means  of  compressed  air. 
In  some  cases  there  is  a  single  car  and  the  motor  is  placed 
upon  it,  as  indicated  in  Fig.  12.  The  *<  society  "  exhibited  also  Figures  ii,  12.  is. 
a  locomotive  constructed  upon  the  same  principle,  designed 
for  service  in  mines. 

The  motor  for  hauling  passenger  cars  upon  tramways  is 
designed  for  lines  of  easy  grades ;  and  for  a  course  of  from 
seven  to  nine  miles  the  machine  will,  it  is  claimed,  haul  the  Length  of  course, 
cars  carrying  46  passengers  without  being  recharged.  The 
reservoirs  contain  450  lbs.  of  air,  and  the  receiver  incloses 
40  gallons  of  hot  water.  The  air  is  forced  by  powerfal  Modeof  ^arg 
pumps  into  the  receiver  through  the  water,  as  indicated  in 
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o^FTtmtd^r  pipr_  11^  nntii  a  pressnre  of  30  atmoepheres  ia  aecnred,  whei 
tbe  machine  is  considered  charged  and  ready  for  8er\ice 
r  M-  It  IB  claimed  that  the  motors  of  this  system  have  been  and 
can  be  used  with  great  ecoDomy,  and  that  upon  the  score  oi 
convenience  it  is  to  be  preferred  to  any  other  motive  powei 
yet  introduced  for  service  upon  street  railways — 
■ih^cm!*^  "  {!)  Becanse  horses  are  not  frightened  by  the  noise  ani 
smoke,  as  is  often  the  case  where  steam-engines  are  usee 
upon  thoroughfores ; 

(2)  Because  the  dangers  of  explosion  are  avoided ; 

(3)  Beeausethey  are  nmwithout  sparks,  cinders,  or  smoke 


Pio.  ll.—Sectio<t  of  motor,  thoicing 


parUjf  charged. 


e  and  cars  intended  for  nse  upOD  street  railway; 
"^and  tramways  exhibited  by  the  "Coutinental  Company  foi 
the  Manufacture  of  Fireless  Locomotivefl,"  though,  like  thi 
exhibits  last  described,  of  an  exceptional  and  as  yet  an  ex 
perimental  type,  were  creditable  to  the  skill  and  iugennit^ 
of  the  gentlemen  after  whose  designs  they  were  bnilt.  Thi 
locomotive  which  embodies  what  is  claimed  to  be  new  ii 
the  system  is  of  the  type  introdaced  by  the  American  in 
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ventoi'  Dr.  Lamm,  with   certain   improvements  engrafted  ^^^^^""^^^ 
upon  the  invention  of  Dr.  Lamm  by  M.  L6on  Francq.    The 
system  in  Bubstantially  the  same  which  has  been  iu  use  upon  l^^^||^^ 
street  railways  in  the  cities  of  New  York  and  Brooklyn,  and  (?,„„?■     ^^*" 
to  a  still  larger  extent  npon  the  lines  of  street  railway  at 


nnatrt»TtaMm.l 


T.  Beauregard  has  been  the  pi'eaident.    This  system  seems  ^  tSr°^'!^''n^ 
to  be  regarded  by  French  engineers  who  have  given  it  their  '^'i  "uii,'*"' 
careful  attention  as  decidedly  sai^erior  to  that  of  M.  M4-»i- 
karski,  known  as  the  " oompressed-air  locomotiveB."     In- 
deed, it  lias  been  pronounced  to  be  the  best  substitute  yet 
suggested  for  steam-locomotives  or  horses  as  the  motive 
power  of  street  cars. 
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This  aystcni  rests  npoii  the  apiilivatiou  of  the  established  ^^"'''■'••^'"' 
phyHi<;iil  fiurt  that  a  pound  of  water  <roiilln<Kl  in  a  tightly 
inclosed  space  will  store  up  in  the  process  of  condensation 


a  ipiantity  of  steam  eqiiivalent  at  the  leaat  to  the  ninth  part 
of  the  weight  of  the  water.    This  steam  disengages  itself 
fi-oiii  the  water  as  soon  as  a  vent  is  presented  for  its  escape, 
;{0  i>  B VOL  4 
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wSow***^******^*^^  when  permitted  to  discharge  itself  into  the  cylinders  of 

a  locomotive  engine  it  will  develop  a  very  considerable 
Syatem  of  tractivc  powcF  (estimated  at  1,800  kilo  meters  for  each  kilo 

FiTore  14.  of  watcr  uscd).    In  the  engine  exhibited  the  reser\'oir  was 

designed  to  hold  400  gallons  of  water,  into  which  was  to  be 
injected  steam  surcharged  with  heat  until  its  temperature 
reached  200<^  centigrade. 

viTOM^^^"  ^^^  locomotive  so  chai*ged  has  been  used  successfully 
upon  the  line  of  tramway  from  Eeuil  to  Marly-le-Boi,  in  haul- 
ing two  coaches  carrying  together  60  passengers,  a  distance 
of  about  ten  miles,  without  being  recharged ;  and  this  has 
been  accomplished  upon  a  line  upon  which  it  is  said  that 
there  are  gradients  of  3  in  100,  and  not  less  than  fifty  curves 
having  a  minimum  radius  of  98  ft. 
Eoonomy  com-     It  is  Claimed  that  the  experience  upon  this  line  has  de- 

psredwithateam.  monstrated  that  the  saving  actually  realized  by  the  employ- 
ment of  fireless  engioes  of  this  type^  instead  of  the  ordinary 
steam-locomotives,  has  been  at  least  40  per  cent 

Figure  14  represents  the  locomotive  exhibited  by  the 
^^  Continental  Company  for  the  Manufacture  of  Fireless  Loco- 
motives." The  400  gallons  of  water  which  the  reservoir 
holds  is  raised,  as  stated,  to  200^  centigrade  (representing 
16  atmospheres).  The  cylinders  are  74''  in  diameter  by 
8.125"  stroke.  The  wheels  are  24.67"  in  diameter.  The 
weight  of  the  machine  is  6  tons,  empty.  It  is  designed  to 
move  either  forwanl  or  backward. 


yiwniBHIIi***^*- 


Having  thus  passed  in  rapid  review  some  of  the  uioi'e 
important  contributions  to  the  Paris  Exposition  connected 
with  the  subject  to  which  this  report  relates,  I  proceed  now 
to  bnefly  mention  some  matters  belonging  to  the  railway 
practice  as  illustrated  at  the  Exposition  which  could  not  be 
well  considered  with  relevancy  in  any  other  connection. 

I  Bmkesandtig- 

naUnffapparatu*.  Brakes  and  apparatus  for  signaling  trains. 

There  were  several  systems  of  railway  brakes  represented 
westinghouBe  upon  thc  cars  and  trains  of  cars  at  the  Exposition.  Of 
these  the  Westinghouse  automatic  brake,  so  well  and  favor- 
ably known  in  this  country,  was  by  common  consent  ac- 
corded the  first  place  in  point  of  excellence.  It  fulfills  all 
of  the  conditions  laid  down  by  the  highest  railway  authority 
in  the  best,  the  simplest,  and  the  most  efiective  manner  yet 
attained  by  any  apparatus  introdue4)d. 

;,) 
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The  British  Board  of  Trade,  after  an  exhaustive  study ^^ dJSSfbyS© 
and  investigation  of  the  subject,  has  laid  down  the  following  ^^S?  ^***^  **' 
as  the  essential  conditions  of  an  effective  continuous  brake :  * 

(1)  ^^The  brakes  to  be  efficient  in  stopping  trains,  instan- 
taneous in  their  action,  and  capable  of  being  applied  with- 
out difficulty  by  engine-drivers  or  guards." 

(2)  ^^  In  case  of  accident,  to  be  instantaneously  self-acting." 

(3)  ^<The  brakes  to  be  put  on  and  taken  off  with  facility 
on  the  engine  and  every  vehicle  of  the  train.*' 

(4)  '*The  brakes  to  be  regularly  used  in  daily  working." 
(6)  '*The  materials  employed  to  be  of  a  durable  character 

so  as  to  be  easily  maintained  and  kept  in  order." 

The  Westinghouse  brake  has,  by  a  long  and  thorough  ^i?^^^ 
trial  upon  railroads  in  the  United   States  and  in  Great  encyof  the  We8^ 

_^..__  _,  -r>i.  1^*  *%.••    ingnoaso  brake. 

Britain,  France,  Germany,  Belgium,  and  the  British 
colonies,  established  beyond  controversy  its  satisfactory 
fulfillment  of  all  of  these  requirements,  and  it  must  be  con- 
ceded that  no  other  brake  yet  introduced  so  well  and  so 
thoroughly  meets  them  all.  The  advantages  possessed  by 
this  admirable  contrivance  were  illustrated  by  an  excellent 
exhibit  in  the  section  of  the  United  States,  and  also  upon 
the  cars  exhibited  by  the  Western  Railway  of  France,  but  Exhibit  on 
nowhere  were  its  merits  more  happily  illustrated  than  upon  l^  RiSway^^^f 
the  Ceinture  Railway  at  Piiris.  The  hundreds  of  thousands  ^^°**- 
of  passengers  who  used  that  line  in  going  to  and  from  the 
Exposition  and  in  going  from  point  to  point  in  the  city  and 
its  environs  had  an  excellent  opportunity  for  obsening  its 
superb  working,  the  smoothness,  the  ease,  and  yet  the  sud- 
denness with  which  trains  heavily  loaded  were  st0j>ped 
without  a  jar,  and  absolutely  without  any  unpleasant  oscilla- 
tion or  concussion,  in  a  distance  which  a  few  years  since 
would  have  been  deemed  incredibly  short. 

It  is  probable  that  this  brake  has  been  used  upon  no  road    ohmnin  de  jtr 
anywhere  more  successfully  than  upon  this  metropolitan 
railway  of  i^aris,  and  it  is  certain  that  no  other  similar  ap- 
pliance has  anywhere  accomplished  such  satisfactory  results 
as  have  been  there  realized. 

Railway  signaling  apparatus.  mgnaUngappa- 

ratut. 

In  the  design,  construction,  and  efficient  working  of  rail- 
way signaling  apparatus  Messrs.  Saxby  &  Farmer,  of  Kil-Saxby&Fwmvx. 
bum,  IjOTulon,  England,  have  attained  a  pre-eminence  of 
merit  only  equaled  by  that  of  the  We>stinghouse  Air  Brake 
Company  in  their  special  department. 

The  system  of  Messrs.  Saxby  &  Farmer,  designed  and  per- 

*  Circular  of  Board  of  Trade,  London,  Angnrt  30, 1877. 
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^^8^^<ffH;a2>pa-fect6d  by  their  manager,  Mr.  Hodgson,  combines  the  two 

syHtems  known  as  the  <<  block"  and  ^interlocking"  systems, 

locking  syst^mr  ^^  *^^^  manner  that  each  is  absohitely  interdependent  upon 

the  other.  The  mechanical  onion  of  the  two  systems  has 
Mr.  Hodgson,  been  most  ingeniously  and  thoroughly  accomplished  by  Mr. 
Hodgson  in  this  admirable  invention.  The  apparatus  is  so 
contrived  that  the  danger  arising  from  a  possible  contradic 
tion  between  the  block  telegraph  signals  ti*ansmitted  from 
one  station  to  another  and  the  out-door  signals  exhibited  to 
the  engine-drivers  seems  to  be  practically  and  thoroughly  ob- 
viated. This  apparatus  has  been  largely  introduced  upon  the 
railways  of  Great  Britain  and  the  Continent  of  Europe,  and 
has  been,  it  is  stated,  adopted  by  the  Pennsylvania  Railroad 
Company,  with  very  satisfactory  results.    It  was  illustrated 

the  cwiteMiui  ***  ^y  ^"  exhibit  at  the  Centennial  Exhibition  at  Philadelphia  in 

1876,  since  which  time  it  has  been  steadily  growing  ip  favor 
and  in  the  appreciation  of  those  who  have  studied  its  merits. 
Efficiency.  It  is  certainly  an  admirable  arrangement,  and  seems,  so 

tar  as  human  contrivance  can  accomplish  it,  to  absolutely  re- 
move all  danger  of  accidents  and  collisions  at  station  sarising 
from  the  carelessness,  negligence,  stupidity,  or  the  misappre- 
hension of  the  signalmen  or  the  locomotive  engineers. 


It  will  be  observed  that  this  repolt  has  been  confined 
almost  entirely  to  the  railway  and  tramway  practice  of  trans- 
atlantic countiies  represented  at  Paris,  and  that  but  brief 
mention  is  made  of  a  few  exhibits  in  the  classes  covered  by 
Reaaons  for  the  report  fumisbed  from  the  United  States.    The  reasons 

conflning  the  ro- 

port  principally  for  this  wcH*  two-fold :     (1)  The  reading  and  thinking  x)ublic 
its.  in  America  is  already  so  familiar  with  the  features  of  the 

railway  practice  of  this  country  that  nothing  would  be  ad- 
ded to  the  possible  interest  of  such  a  paper  as  this  by  a  dis- 
cussion of  American  railway  apparatus  and  appliances ;  and 
(2)  the  exhibits  relating  to  this  subject  sent  from  the  United 

■  I  States  to  the  late  Exposition  were  by  no  means  fairly  repre- 

sentative of  the  best  American  railway  practice. 

It  is  particularly  to  be  regi'etted  that  the  collection  of 
American  railway  rolling  stock,  machinery,  and  material 
should  have  been  so  meager,  and  therefore  so  unsatisfactory. 
The  machinery,  vehicles,  and  iiractice  adopted  upon  rail- 
roads and  in  the  construction  and  working  of  railroads  in 
the  United  States  are,  to  a  great  extent,  so  diflFerent  from 
those  in  use  in  the  Old  World,  and  in  many  particulars  for 
the  wants  of  a  country  like  ours,  and,  it  would  seem,  for  vast 
sections  of  the  eastern  continents  as  well,  ai-e  so  superior 

'  1  to  the  systems,  methods,  and  apphances  generally  in  vogue 
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ill  Europe,  that  it  would  have  been  well  for  xVmerican  man-  iug ? fQu^.xhIbit 
nfactnrers  of  i-ailway  rolling  stock,  machinery,  and  fixture*  jJ^JJ^JJ^^t*^^ 
to  have  availed  themselves  of  this  fair  opportunity  for  ex-  i>««n    to   Enro- 
hibiting  the  special  merits  of  their  machmes,  cars,  and  ap- 
paratus to  the  nations  of  the  world.    Certainly  this  country 
would  have  lost  nothing  by  the  comparison  which  would 
have  thus  been  rendered  practicable. 
The  few  exhibits  of  this  class  from  the  United  States  were,       S^V^JVi";" 

'  exccllont  of  their 

however,   generally  excellent  of  their  kind.     The  West-i^ind. 
inghouse  brake  has  been  already  noticed,  and  brief  mention  i,^^^^^^^^^*^' 
has  l)een  made  of  the  Pullman  palace  sleeping-(jar.    This    Pniimftn  car. 
latter,  a  beautiful  and  admirably  arranged  vehicle,  was  the 
only  railroa<l  car  furnished  to  the  Exposition  from  the  United 
States.     It  attracted  the  attention  of  many  thousands  of 
European  visitors  to  the  American  section,  and  was  greatly 
admired  and  commended  by  those  familiar  with  the  demands 
of  modem  railway  travel.     Indeed,  no  other  jwissenger  coach 
designed  to  be  used  as  a  sleeping  ear  exhibited  by  any  E«ro^n'<»»f ^ 
country  equaled  the  cars  of  the  Pullman  system  in  comfort 
and  convenience,  the  (H5onomy  i  f  space  realized,  and  many 
other  advantfiges  which  they  possess  in  an  eminent  degree 
for  the  accommodation  of  passengers  by  day  and  by  night. 
The  only  locomotive  from  the  United  States  was  one  of.  ^^^J^  ^^' 

'^  .  ing   Railroad  lo- 

the  ordinary  powerlul  freight  engines  of  the  Philadelphia  comotive. 
and  Reading  Railroad  Company,  adapted  for  the  use  of 
an  thracite  coals.    It  fairly  illustrated  the  simplicity  and 
excellence  of  a  type  of  locomotive  in  use  in  this  countr>\ 

The  collecti(ms  of  ciist-iron  (jar  wheels  furnished  bv  Messrs.    .  Cast-iron  cor 
A.  Whitney  &  Sons,  of  Philadelphia,  and  by  Messrs.  Bar-    a.  wiiitney  & 
num,  Richardson,  &  Co.,  of  Lime  Rock,  (^onn.,  are  deemed '  ^Barnum,  Rith- 
woi-thy  of  special  mention  and  com  mendation.   These  wheels, ""  ****"  ^ 
in  i)oint  of  strength,  security,  and   durability,  compared 
favombly  witli  the  best  types  of  wrought-iron  steel-tired 
wheels  so  largely  used  in  Eun)pe,  and  in  point  of  cheapness 
of  cost  and  economy  realized  in  their  use  had  greatly  the 
advantage  of  the  car  wheels  of  the  European  systems. 

In  concluding  this  report  I  beg  leave  to  acknowledge  the  Acknowiedg- 
valuable  assistance  aflfonled  to  me  by  Mr.  E.  R.  Archer,  M.  Mr.E.R.  Archer- 
E.,  of  Richmond,  Va.,  in  prosecuting  studies  and  investiga- 
tions and  obtaining  data  largely  used  in  its  preparation,  and 
to  the  Commissioner  General,  Mr.  McCormick,  for  uniform 
courtesy  and  kindness  and  for  such  assistance  as  it  was  in 
his  power  to  render  me  in  the  discharge  of  the  duty  to  which 
I  was  assigned. 

WILLIAM  A.  ANDERSON, 

Additional  Commissioner, 
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Amaha.  B.  (Kochi.  Japan),  indigo 14 


1 
I 
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Pape. 
Amuk,  island  of  (Denmark)— 

chemical  industry — 

sulpharic  acid 77 

nnptriYhosphatofl 77 

Anierica,  Anieiican  (tee  United  Statt's). 

American  Pharmaceutical  Association,  anal,\  ses  of  quality  of  snfstr-c(»ated  pillM 1A8 

American  Watch  Company  ( Waltham,  ^ass.) — 

exhibitor  watches... 405.406,411 

gold  medal  awarded 40r) 

exhibit  at  Centennial  Exhibition,  1870.  nferred  to 400 

report  upon  their  works  in  Centennial  Ileporta,  referred  to 409 

system  of  manufaictnre  by  machinery 408 

economy  of 408, 411 

ndyantafte  of  interchnn<;eablt>  parts 408, 409 

operatives  employed  409,411 

organization  of 409 

production  of  wau-hfs  and  paits 409, 410, 411, 414. 41') 

exi)ort«  to  Australia ;..  410 

Great  Britain 410 

India 410 

improvement-n  in  flonstnicti<»u  412-414 

production  increawd  by  intt^mational  exhibitions 414, 415 

Ammeberg  (Sweden) — 
mining  indnstry — 

cobalt 287 

copper 287 

ore-dressing  works 287 

zinc  blonde 20ri,  287 

roasting  fumac^^s 287 

Amoor,  government  of  (Siberia,  Unsssia)— 
mining  industry — 

gold ' 246 

AmHtcnlam  (Netherlands) — 
chemical  industry- 
acid,  hydrochloric  92 

nitric 92 

sulphuric 92 

carbon,  bisulphide 92 

cinchona 141 

iron,  sulphat« 92 

peptones 140, 141 

soda,  sulphate 92 

vanilla 141 

AnarysaoH  (Grecc«) — 
chtnnical  industry — 

salt 91 

Anderson,  Thomas  (Glasgow,  Scotland),  pro«luction  of  oxyunthnu^ene  (anthraqninone)  and 

alizarine 101 

Anderson,  Dr.,  superintendent  of  cinchona  culti vnt  ion  in  Sikkini.  India    139 

Anderson,  William  A.,  Additional  Commissioner— 

llF.pcutT  ON  "  Railway  ArrAiiATiM  and  Mkans  of  Thanspout" 417-4W 

And(M>  iHl'.ind  (N'orway) — 

coal  deposits 208 

Andiva>,  V.  (Fleuricr,  Switzerland),  extnicts  of  Alpino  plants 15A 

Anglour  (Belgium)— 
mining  industry — 

zinc 28Q 

foundry 28C 

rolling  mill 28C 

Anizy-lf-Ch&teau  (France) — 
chemical  industry— 

atropine  118 

conicinei,  bromohydrato 118 

tktorino 118 

'Annuair9de4Mine9,d'apr^»U  Service  desMinet"  (France).  citf>d 183  n«l0 

"Annual  Ilepoit  of  the  Department  of  Minea,"  New  South  Wales,  cit«d 243,  Ma 
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Anifonia,  Comi. — 
manafactorcs — 

clocks 406 

Aorionia  Clock  Compftny  (Ansoni*,  Conn.),  exhibit  of  oV>clca 406 

bronze  medal  awarded 406 

Anthracene  (««e  Chemistry:  raonafactarea.  etc.:  alizarine;  al»o.  Chemistry:  products). 

Antbraquinone  (tee,  tiUo,  Chemistry) — 

definition  of 101 

Antimony  (tee  Chemistry ;  alto.  Mining). 

Antofogasta  (Pern) — 

exports  of  nitrate  of  soda , S8 


Anven  (Belgium) — 
chemical  industry — 

sulphur 76 

mining  industry — 

imports  zinc  ore  from  Lanrium,  Greece 


Anzin  (France) — 

chemical  industry — 

essentia]  oils 116 

pepi>ermint 116 

mining  industry — 

coal  discovered  (1734)  176 

coal  mines,  first  steam-engine  in  France  used  in 176»  177 

Compa*niio  des  Mines  d'Anzin,  works  of 177, 182, 188 

Aosto  Talloy  (Piedmont,  Italy)— 
mining  industry — 

pyrites 84 

anthracite  coal  (unimportant) 807 

Apothecaries'  business  encroached  upon  by  the  increase  of  *' elegant  pharmacy  " 114, 116, 187, 168 

Appleby  Bros.  (London,  England),  hoisting  engines 884 

Appleton,  Tracy,  Sc  Co.,  organizers  of  the  American  Watch  Comi>any  {vhiek  sm) 400 

Arad  (Hungary)— 
chemical  industry— 

coniine 144 

quinine,  tannate 144 

santonine 144 

Archer,  E.  R.  (Richmond,  Ta.),  aesisted  in  preparation  of  report  on  "  Railway  Apparatus  "...  468 

Argentan  (tee  Mining). 

Argenteuil  (France) — 
chemical  industry^ 

quinine 117 

ARGENTINE  REPUBLIC— 

CUEMIBTBT  AND  PHABMACY— 

exhibit 07,164 

products- 
allspice  164 

anise 164 

Oapii  eati  (fmti-asthmatic,  dim  etic) 164 

coca 164 

eucalyptus  preparations 164 

flax-seed 154 

guarana 164 

Jaborandi 164 

mat6 154 

potro  (wild  horse),  oil  of 154 

soap  fh)m 154 

qnobracha  reain 154 

sodaaah 87 

sulphur 87 

tartar,  cream  of 87 


INDEX.  475 

Page. 

ArKentite  («««  Mining). 
Arizona  {tee  Unitod  States). 
Arkansas  {tee  Unitod  States). 

Armet  de  Lislo  &  Co.  (Nogent-sor-Mame,  France),  salts  of  cinchona  alkaloids,  quinine 117 

Armsby,  n.  P.  (United  States),  theory  of  the  reaction  in  the  manufacture  of  snperphoeiihatcs  . .  57 

Amtzenios,  B.  n.,  manager  of  the  Billlton  Company  (Dutch  East  Indies),  collective  exhibit  of 

mining,  etc   840 

Arrott,  A.  K.,  (Saint  Helen's,  England),  process  of  manufacturing  caustic  soda 61 

Arsenic  (tee  Chemistry ;  alto,  Mining). 

Aseptine  and  Amykoitc  Manufacturing  Company  (Upsala,  Sweden),  preserrativo  preparations 

fh>m  boric  acid MB  163 

ASIA  MIXOR— 

Chemical  Iitdustrt— 
materials— 

borate  of  lime 6© 

used  in  borax  manufacture  in  France 60, 84 

Scotland 60 

Turkey 60 

castor-oil  beans 142 

exported  to  Italy 142 

sponges .' 126 

Aani^res  (Franco) — 
mining  industry — 

sine-white  works  287 

Asselin  (Saint-Denis,  France),  method  of  producing  oxalic  acid 63 

Aasoro  (Italy)— 

chemical  industry — 

sulphur 88 

Astrup,  M.  n.  (Christiansund,  Norway),  cod-liver  oil 148 

Asturias,  province  of  (Spain) — 
mining  industry — 

coal 814 

Athua  (Belgium)— 
mining  industry — 

iron 280 

Atkinson  (George)  &,  Co.  (London,  England),  essential  oils,  camphor,  iodides,  bromides,  meroory, 

salU 12» 

Attica,  mines  of  {tee  Greece:  mining  industries;  aito,  Lanrinm). 

Atvidaberg  (Swc<lcn)— 
mining  industry- 
copper  284 

smelting  works 884 

Audemars,  L.  (Geneva,  Switserland),  watches 407 

Andieme  (Finist^re,  Franoe) — 
chemical  industry — 

bromine 82' 

iodine 82 

potash,  sul[)hRte 82 

potassium,  chloride 82 

sodium,  chloride 82 

Anssig  (Bohemia,  Austria) — 
chemical  industry — 

barium 74 

camphor   Ill 

hydrochloric  acid 74 

nitric  ac id 74 

potash 74 

soda 74 

sulphuric  acid 78, 74 

supcrphospliatcs 74 

Australia  {tee  Great  Britain:  colonies:  New  South  Wales,  Queensland,  South  Australia,  Vio- 
toria.  Western  Australia). 
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AUSTRIA-HUNGARY  (M0,  alto 

.  AdaH)ert, 

Hrastnlng, 

fZibnuB, 

Arad, 

Hrnaohan. 

"Rfunlilfun. 

AnMig, 

Hnsflowitz, 

BoMBitm 

Biala. 

Idria. 

Salabtun, 

fiorialav, 

JoaohliiMth»i, 

SohneeberfT. 

Bozen, 

KaluBs, 

Simmexing, 

Brazowa, 

SmicluHi, 

Bninn, 

Kladno-Schlan-Rakonite, 

SteyerdorC 

Bnda-Pest, 

Kralnp, 

SteyennArk, 

Carolinentlial, 

Meiern, 

Trlcsst, 

Dioadov, 

MiasUtz, 

Yaldll^edTO. 

Dzwiniocz, 

Moldova, 

Vienna, 

Elbosen, 

Monfalcono. 

Villach, 

Erzgnbiruo, 

Olniutz, 

Yoralberg, 

Fuenfkirchen, 

Petrowitz. 

Welwarn, 

(Hya. 

.  Pottoa, 

Wilrbenthal, 

GratE, 

Pilacm* 

Zmthal, 

Hemal, 

Pinmo. 

Zinnwald). 

Hnloiibkaii, 

Prague, 

AOBIOULTUBK^ 

wine  manafactaTu— 

leos  of,  tartaric  acid  made  firom 



64 

Chemibtbt  Ain>  Phabmact— 

exhibit,  chemical 78-76 

pharmacentical lOS-111 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  indnstrj- 73, 108, 157 

manaCnctures — 

camphor Ill 

glycerine lU 

paraffinc,  from  ozokerit 71, 72 

potassium — 

chloride 29 

salts,  ftt)m  suint  of  wool . 29,75 

soda 74,75 

sulphur,  regeneration 74 

sulphuric  acid 9,73,74,75 

tartaric  acid,  from  winc-leea 64,75 

toflet  articles 109,110.111 

products,  b3'-products,  materials — 
acids — 

hydrochloric 73, 74,  75 

nitric 73.74,75 

sulphuric 0,  73, 74,  75 

tartaric 64,78,74,75,144 


alumina,  acetate  . . 
ammonia 

alum 

caustic 

hydrochlorate 

hyposulphite  . 

salts 

sulphite 

anatherine 

anise,  oil  of 

barium,  chloride  . 


73 

75 

74 

..   75 

73 

108 

75 

73 

108 

109 

74 

beeswax 72,144 

72 

100 

75 

73 

75 

Ill 

109 


:benzine   

birch,  oil  of  (leather-dressing) 

bromine 

•calcium,  acetate 

tartrate 

-camphor 

.^''^^bon,  bisulphide 
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AUSTRIA-HUNGARY— Continued. 

GHKMI8TIIT  AND  PHARMACY— 

prodocta.  by  priMlacts,  inateriala — 

carraway  oil 100,110 

cake  for  fattening  swine 110 

chocolate 144 

cinnalNir 75 

co<l-liver  oil 108 

coko 72 

coniino 144 

copper,  ttulphate 73, 75 

etbcr 110 

extracts,  vegetable 100 

flsb-gliic 144 

flavoring  Hubstancca 100 

fruit  easoncea 109, 110 

golutiuo  preparations 108, 100 

glycerine Ill,  144 

herbs,  and  pr«ii>aration8  of 109 

io<Iine 75 

indigo 144 

irou.  nc-etate    7a 

nitrate 74 

load,  ueetato 78, 75 

leather-dressing 109 

lime,  ehloride 74, 75 

magnesia,  salts , 75 

sulphate 73 

malt 110 

nien.'ury    75 

salts 74 

mineral  waters Ill 

mustai-d.  oil  of 109 

naphtlia  .' 7*J 

oil,  co<l-livcr 108 

essential   ..   109,110 

anise 109 

birch 109 

caixaway 109, 110 

fennel 109 

mustard 109 

otherml 109 

illuminating 72 

lubricating 72 

ozokerit ■. 71, 72 

pamfUne 72 

perfumery 110 

pills 109 

potash    73 

chlorate 74 

nitrate  (saltpeter) 28, 78, 75 

prussiate  78, 75 

potassium — 

arsenlate 73 

bichromate 7a 

chloride. 29, 74 

salts 28 

from  suint  of  wool 29, 75 

tartrate 74 

pyrites ^ 9,74 

quinine,  tannrtte  144 

rose-water    110 

saltpeter  (uitrate  of  potitah) 28  78, 75 

wilts,  from  sua- water 75 

of  iodine 76 

magnesia 76 
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ATSTRIA-HiryGABY— Continaed. 
Chbmistbt  aku  Phabxact— 

products,  by-prodncts,  materinli 

salts  of  mercury 11 

tin 74.71 

uranium 71 

vanadium 7! 

santonine 144 

silver,  from  sulpburio  add  residues 71 

soap 109,110,11] 

soda — 

bicarbonate 78, 74 

calcined 73, 74 

carbonate 74 

caustic 78, 74 

crystals 78,74 

hyposulphite 78,74 

lyo 78 

nitrate 73,74 

sulphate 73,74,75 

sodium,  acetate 73 

sulphide 74 

tartrate 74 

sulphur 74, 76 

firom  soda  residues 74 

sulphuric  acid 9, 78, 74, 75 

superphosphates     C7, 74 

tan-bark 144 

tartar 144 

cream  of 78. 144 

tartaric  acid 144 

thallium 744 

tinsalts  74,75 

tinctorial  substances 144 

toilet  articles 109.110,111 

turpentine  pitch 110 

uranium  salts   76 

vanadium  salts 76 

sine,  nitrate 74 

sulphate 74 

exports^ 

beeswax    144 

camphor 4 Ill 

drugs 100 

essential  oils 110 

glycerine 144 

herbs  and  preparations 100 

tan-bark 144 

tartar 144 

tartaricacid 76^144 

toBussia 76 

imports- 
alkalies 78 

from  Great  Britain  78 

lime,  chloride 74 

potassium,  chloride 74 

ioda,  carbonate 74 

caustic 74 

nitrate 74 

sulphate 74 

sulphur 74 

operatives — 

number  employed 74, 109 

Clockb  and  Watcdrb— 

exhibit 40ft 

poeumatio  apparatus  for  operating  many  clocks  in  efttiea 40t 
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AUSTRIA-HUNGARY-ContlnueA 

If  ACULN'EKY  (ixicludiog  tools,  isiplemento,  appliancoA,  prooM«e«) — 
chemical — 

not  of  fine  qaality 73 

soda  industry — 

engines,  horse-powor  employed 74 

model  of  hydrochloric  acid  condensing;  toirfr  exhibited 74 

sulphurio  acid  manufactaro — 

platinum  condensing  apparatus 75 

engines,  steam — 

variable  exhaust  steam-ongine,  A.  CoUmaou,  Viennn,  exhibited 372-^5 

perspective  view  of 37Jf 

transverse  section  of 374* 

locomotives  employed  (see  Railway  Apparatus) — 

employed  in  mines,  number 290,299 

hoisting 290,298,302 

pumping 290, 299 

smgines,  compressed  sir— 

used  in  lYibi-am  mines 208 

engines,  hydraulic — 

used  in  Idria  mines 302 

metal-work  ing — 
lead- 
reverberating  funiaoos,  "CommeraprooeM** 209 

qnioksilver— 

extraction  processes,  ▼arioos 803, 304 

receivers 30.{ 

retorts 303 

heating  with  lime 308 

fhmaces — 

Almaden  (1750)    303 

Idrla,  horizontal  (1787)  3Kl 

Leopold,  quadmplo  (1825)  303 

Alberti,  reverberatory  (1842) 303 

cupola 803,304 

iron-clad 303,304 

mnfflo 303,304 

Forteehaujlungeqfen  (rovorbexatory) 303 

mining- 
drills,  used  with  powder  and  dynamite 297 

hoisting,  cages  with  steol  ropes 298 

ore-dressing 296,290,301 

percussion  tables 298, 301 

continuous  Jigs 298 

stamp- batteries  298, 299, 802 

screens 302 

revolving  tables 302 

Mbtal-woukino  (eee.  alto,  Machinery :  metal-worldng)— 
brass,  bronze- 
parts  of  locomotives 441 

copper — 

parts  of  locomotives 489, 440, 441«  442 

Iron — 

rails,  manufacture 428 

•parts  of  locomotives 442 

frames  and  sheathing  of  railway  cars 44i* 

stwl — 

manufjctun) 44'J 

Beascmor — 

replac  big  iron  in  rails 428 

locomotive  boilers 440 

Martin — 

locomotive  boilers 439,440.441 

MUNINO  IlCDUBTlUBft— 

report  on 202-305 

exhibits 290,299.301,304.805 


• 
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AUSTEIAHUNGARY— ConUnuod. 

MnriNO  lNDU8TIUKt»— 

inadequately  doTolopod 

mineral  depoeita  property  of  the  crown 20^  2M 

production  of  minea 292,133 

smelting  worka 292 

soltworka 292,233 

Tariety  of  minerala 292, 298 

ocourrence  of  minerala 293 

cinnabar,  quickailver 301-)M 

geological  occurrence Ml,  3u2 

mining  methods  and  appliancea 3U2 

winning  the  ore 3(K 

sorting 902 

picldng 3ie 

crushing Soj 

extracting  quicksil^ur 30*.  304 

open  vessels,  iron  receivers JOG 

heating  with  lime 90J 

ftimacea    303, 3M 

Almadon 3fl9 

Idria  (horizontal) 3fl0 

Leopold  (quadruple) 303 

Alberti  (reverberatorj) 803 

iron-ilod 303.314 

muiBe a(i3.3M 

cupola 3i>4 

production 3o2. 304 

vermilion  prepared  from    304 

eoal 2M-296 

production 2!>4,  ^6 

anthracite 2M 

used  for  coko 2S>4 

Hgnite 2M 

used  in  iron  man ufactnrc JW 

increase<l  production ^4 

extent  of  deposits 294 

engines  used  in  mines 296 

had  quality  of,  nec(>«Aitates  8po<:inl  const  inctiou  of  locomotives 437-440 

lea<l 29i>400 

geological  occurrence oyC,  297 

origin  and  growth  of  mining  • 296 

Pribram  minea ...     296-3iV 

deep  shaft  at  Adalbert 37 

methods  and  appliancea — 

exploitation 297 

draining j97 

extracting  oro 29fJ 

transimrting  ore -jjft 

hoisting 29H 

picking am 

dressing 288. 299 

smelting 299 

engines 298 

prwhK'tiou * 299, 300 

silver 29&-300 

gi  olopoal  occurrence 298,  'J07 

Pribram  mines  {nee  lead,  a}tove). 

Joachimstal  mines -jg^  301 

history. 300 

geological  formation jOD 

ores  produced 300 

concentration gjl 

uranium 1 301 

furnishes  pigments  for  ceramics  and  gloaa 301 
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AUSTRIAIirXGARY—Continaed. 
Hnnxo  Industbibs— 

sine 805 

geological  ocoarrf*nce 305 

ooncentrating  works 305 

orenlressiDg  works 305 

production   305 

prodaction  and  consumption — 

antimony 293 

arsenic 293 

bismuth 293,300,301 

cinnabar 301, 303, 804 

cool 171,261,294-296 

anthracite 293,294-296 

lignite 293,294-296 

uses  of 177,295 

making  coke 294 

honsi^hold  purposes 294, 295 

manufacturing j 294, 295 

railways 295 

steam  navigation 295 

cobalt 293,300,801 

copper 261,293 

galena 297,299,305 

gold .• 293 

graphito    293 

iron 172,293 

ore 172 

pig 172 

wrought 172, 261 

lead 172,293,298,299,300 

litharg<;  293,300 

manganetM) 293 

nickel 293,300,301 

petroleum 298 

P3rTites 9 

quicksilver 293,302,803,804 

salt 292,293 

sUver 173, 298, 297, 29R,  300, 801, 805 

steel   172 

tin 293 

uranium ^ 293.300,801 

rinc 173,293,297,805 

fuel  used  in  manufocture— 

coal,  anthracite 294 

lignite 294 

coke 294 

explosives  usc<l  in  mining 297 

dynamite,  giant  powder 184, 297 

nitro-glyccrino 184 

experiments  with 184^  185 

powder 297 

exx>orte — 

coal 294,296 

to  <^f ennany  (lignite) 296 

Russia 261 

copper — 

toKussia 261 

iron- 
to  Russia  261 

silver — 

to  Germany 801 

imports — 

coal 295 

from  Germany  (anthracite) 294, 296 

31  P  E— VOL  4 
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AnSTBIAHUNGABY-Continned. 

HDONQ  IKDUSTRIB8— 

operativea— 

number  employed — 

in  mines 29S,295.2» 

cinnabar 304 

coal 295 

lead  and  silyer ^0 

in  smelting  works 292,290,304 

saltworks 292 

women  as 292,295 

children  as 292,295 

provision  for  the  welfare  of— 

at  Pribram  min?s 299 

Idria  cinnabar  mines 304 

danger  ftt>m  explosions 184 

Railways  (includiuK  apparatos,  material,  flxtares,  etc.)— 

exhibits 419l423 

showed  prevailing  European  method  of  constmction 423 

system — 

extent 427 

equipment 428 

coal  consumed 295 

rolling  stock — 

passenger  cars- 
number  of 428 

manufacture  of 428 

exhibited    445,447,449 

first-class  passenger  coach,  Austrian  State  Bailway 447, 448* 

second-class  passenger  coach,  Austrian  State  Railway 44P 

third-class  passenger  coach,  Austrian  State  Railway 448* 

sleeping  car,  Austrian  State  Railway 448*,  40 

postal  car,  exhibited   447 

freight  cars — 

number  of 428 

manufacture  of 42S 

exhibited 44g* 

iron  used  in  the  frame- work  and  sheathing 448 

locomotives 437-443 

number  of 428 

manufacture  of 428 

exhibited— 

tank-engine,  for  mines 437 

passenger  or  freight  locomotives,  Austrian  State  Railway  Company 438, 439, 440* 

locomotive  for  passenger  or  mixed  trains,  Theiss  Railway  Company 441  4^* 

narrow-gage  locomotives 451 

fire  gnites  nnd  boxes  of,  adapte<l  to  poor  native  coal 437, 43g^  439^  440 

classes 439 

tramways  in  mines — 

at  Pribram 296 

Idria 302 

locomotives  for 437 

manufa<:turc  and  pnxluction — 

ties \ 427 

rails 427,428 

rolling-8t«>ck,  passenger  and  freight  cars 42$ 

locomotives 428 

exports 427 

cars 428 

imports 437 

cars 43g 

PROVINCES- 
BOHEinA— 

Chemical  Industry— 

manufactures 73 

barium,  chloride 74 
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AnSTRIA-HTJNGARY— Continacd. 
PROVINCES- 
BOHEMIA— 

Chkmical  Ixdubtbt— 
manufoctaroa— 

fuming  (Nordhaasen)  tnlphurio  acid 22,73 

oxide  of  iron 23 

perfumery 110 

potash 74 

roee-water 110 

Boap 110 

soda 73,74 

sulphur,  from  soda  residues 74 

sulphuric  anhydride 28 

superphosphates 74 

materials— 

vit  riol-stone  deposits 28 

wax  110 

MiNINO  IlfDU8TRI]»— 

hismuth 300 

coal 293 

Ujfnlte 283,295 

exi>orted  to  Gennany 295 

cohalt 300 

graphite 293 

lead 293,296-300 

litharge 300 

nickel : 300 

silver 203,296-301 

exported  to  Oermany 801 

tin 293 

uranium 300, 301 

pigments  fW>m,  for  ceramics  and  glass 801 

zinc 297 

Railway  Matbriai^- 

rails  manufactured 428 

cars  built 428 

CARINTHIA— 

MnflNO  IXDU8TUIE8— 

lead 293 

quickmlver 293 

zinc 293 

Railway  Matebial— 

rails  manufactured 428 

CARNIOLA— 

MuriNO  iNDUBTRIEtt— 

cinnabar,  artificial 804 

coal,  lignite 294 

quicksilver 293,801-304 

methods  of  extraction  and  treatment 302-304 

vermilion  manufactured 304 

zinc 293 

GALICIA— 

Chemical  Iitoustbt— 
materials — 

ozokorit 71, 72 

MlXIXU  INDUSTRIES— 

coal 293.294.295 

anthracite 293.294,286 

lignite 298 

petroleum 293 

zinc 898 
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AUSTRlA-HUNGATir—Continued. 
PROVINCES— 
HUNGARY- 

[ Note.— 7^0  foU&wing  r^ftrenees  are  to  Hungary  proper,  matUrt  beVongidg  to  On 
empire  in  general  being  indexed  under  Austria-Hungary. ] 
Chimical  Industry— 

manofactaroB 144 

beeswax 144 

coniine 144 

copper,  salphate 75 

oream  of  tartar 75,78 

flah-glue 144 

glycerine 144 

indigo 144 

potash  from  the  saint  of  wool 29,75 

carbonate 29 

qninine,  tannate 144 

santonino 144 

silver,  from  sulphate  of  copper  residues 75 

soda,  sulphate 75 

sulphuric  acid 76 

tan-bark 1 44 

tartar 144 

tartaric  acid 144 

Mbtal-workwo— 

copper 442 

iron 442 

steel 442 

MCfCf O  IlfDUbTUIES— 

operatives,  number  of 292 

production 2S2, 298 

smelting  works 292 

coal 203,294 

anthracite 293.294 

Ugnite 203,204,295 

<M)pper 293 

gold 298 

iron 293 

lead 293 

litharge 293 

petroleum 298 

quicksilver 293 

salt 292,293 

silver 298 

zinc 298 

Railways— 

extent  of 447 

material — 

manufacture  of 442 

locomotive  exhibited 441, 442* 

I8TRIA— 

CnBMiCAL  Industry— 

manufactures — 

bromine 75 

lime,  chloride 75 

snlts,  from  »ca-water 75 

smlu.  fliilphato 75 

sulpliurii-  noid 75 

LOWER  AUSTlilA— 

Rah^way  Matekial— 

rails 428 

rolling  stock 428 

MORAVIA— 

CnnnCAL  IXDl'iiTKT— 

manufactures — 

ether - 110 

fruit  essences 109 
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AnSTRIAHTJNGAllY— Continued.  Page. 
PROVINCES- 
MORA  VIA- 

Chemical  Ikdubtby— 
manufooturee— 

jniccB 109 

herl>8,  and  preparations  ftom 100 

malt 110 

metallic  saccharatea 109 

soap 109 

oils,  essential 109, 110 

anise 109 

birch 109 

carraway 109, 110 

fennel 109 

mustard 109 

oil-oake,  carraway,  for  fattening  swlno 110 

potash,  prossiate 73 

tartaric  acid 75 

salts 75 

Hnmo  IimuBTBiEft— 

coal- 
anthracite  293 

Ugnite 293,295 

graphite 293 

Railway  Material— 

rails,  manufactored 428 

SILESIA- 
CHEMICAL  IlTDUSTET- 

manufactures 73 

essences,  fhiit  and  flower 110 

soda 78 

sulphuric  acid 73 

Mining  Ikdubtbibs— 

coal 293 

anthracite 293 

lignite 293 

Railway  Matbiual— 

rails,  manufactured 428 

8TYRIA— 

Chemical  Ixdustby— 
m  anufactures — 

saltpeter 75 

sulphur 75 

superphosphates 67 

materials — 

spathic  iron 75 

sulphurous  pyrites 9 

MiNiNO  Industries— 

iron 293 

Railway  Material— 

rails,  raanufootured 428 

TRANSYLVANIA- 
MINING  Industries— 

coal,  lignite 296 

gold 293 

silver .* 293 

TYROL- 
CHEMICAL  Industry- 
manufactures — 

carraway  oH 110 

water,  liqueur 110 

honey 110 

magnesia 75 

salts 75 

turpentine  pitch 110 

Mining  Iitdubtbibs— 

sine 298 


^l^lr 
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Austrian  state  Railway  Company,  exhibit 437-441,447-484 

locomotives 437-441 

fire-boxes  for  baming  inferior  coal 437-439 

illustrat  ion  of 440* 

8tef<l  work  for 442 

cars 447-440 

flrst-class  passenger  coacli,  with  illustration 447,448* 

fH'Cond-clnss  passenger  coach,  with  illustration 448* 

third-class  passenger  coach,  with  illustration 448" 

fn'ight  car,  with  illustration 448' 

sleeping  car 448*.  446 

sulphuric  acid,  sulphates  of  soda  and  copper 75 

Auvolais  (Belgium) — 
chemical  industry — 

hydrochloric  acid 76 

80<la 76 

sulphuric  acid V* 

Arencinc  (see,  also.  Chemistry:  manufactures:  flavoring  extracts  and  products) — 

definition  of 7i 

Avoca  (Victoria,  Australia) — 
mining  industrj* — 

Irad 245 

Baden  (Germany) — 
chemical  industry — 

coloring  matters 104 

alizarine 104 

anthracene IO4 

Baden  Aniline  and  Soda  Works  (Baden,  Germany),  mannfactnro  of  nitro-alizarino lOI 

Baiss  Bros.  &  Co.  (Loudon,  England),  crude  and  powdered  drugs 128 

Baker  (IL  J. )  &  Bro.  (New  York  City),  borax,  saltpeter,  camphor,  salts 09. 161 

Balanl,  Autoino  Jerome  (Paris,  Trance),  process  of  extracting  salt  from  mother-liquors 79, 84 

improved  by  II.  Merle g4 

Baldaz-Lalore  (Belgium)— 
mining  industry — 

coal 286 

coking  furnace 286 

Balearic  Isles  (Spain) — 
mining  industry — 

lignite 314 

BaUarat  (Victoria,  Australia)— 
mining  industry — 

tirst  Australian  gold  mining 232 

Banca  {see  Netherlands:  East  India  cidonics). 

Bancroft,  Dr.  (Queensland,  Australia),  on  the  properties  of  AnstraUan  pitnri 133 

Barcelona,  province  of  (Spain)— 
mining  industry — 

coal,  lignite 314 

Bariquand  &  Son  (Paris,  France),  machine  tools 396 

chasscpdt  guns 396 

Bamftngcns  Tekniska  Fubrik  (Stockholm,  Swe<len),  i>erfumery,  soap,  ink 153 

Bamaoul  (Siberia,  Ilussia) — 
chemical  industry — 

soda 96 

caust  ic 96 

salts 9C 

Bamnm,  Richardson,  &  Co.  (Lime  liock.  Conn.),  cast-iron  cartwheels 468 

Baroncelli,  B.  (Blorence,  Italy),  soda,  potash 93 

Barry,  F.  T.  (England),  commercial  manager  of  the  mine  of  Saint  Domingos,  Portugal 331 

Barytes  (see  Chemistry :  alto,  Mining). 
Basle  (Switzerland)— 
chemical  industry — 

alizarine 101 

process  of  mnnafactnre 101-104, 106 

anthracene 101 

artificial  colors 101, 156 


INDEX.  487 

Page. 
Batignolles  {tee  Sooi6t6  de  Coiuitruction  dea  BatignoUes). 

Banmgartner,  J.  (Mollis,  Switzerland),  glue  from  caseine 168 

Baaxito  (aet  Chemistry ;  also  Miniiig). 

Bean,  E.  (Alois,  BYance),  aatimony 117 

Bechi,  theory  of  the  formation  of  boric  acid  in  fumaroles  of  Tascany 60 

Becker,  George  F.,  assisted  in  preparation  of  Rei'Obt  on  "  Mining  Industuiks  " 164 

Bcckman  &  Dunuester  (Stockholm,  Sweden),  pharmuceatical  preparations 153 

Beef,  increased  price  of,  in  Great  Britain 198 

Beer  (see  Agriculture). 

Beer,  C.  (Jcmapes,  Belgium),  winding  engine  for  mines 376, 377 

Beet>root  sugar  (see  Agriculture). 

B6guiu,  y.  A.  (Paris,  France),  compounds'of  cantliarides,  plasters  with  caoutchouc  basis 118 

BELGIUM  {see,  also,  Ajigleur,  Hainaut,  Qui6vrain, 

Anvers,  Houssois,  Bnette, 

Athus,  Hay,  Saint-Leonard, 

Auvelaia,  Jemapes,  Seraing, 

Baldaz-Lalore,  Lidge,  Tilii; 

Bleyberg-68-Mont2en,  Lustin,  Toenich, 

Bonne  Esp^rance,  Marchovclotte,  Yallentin-Cooq, 

Boussu,  Mcsvin,  Yedrin, 

Brussels,  Mens,  Yezin, 

Charleroi,  Moresnet,  Yille-en-Waret, 

Couillet,  Moustier,  Yilvordo, 

Diest,  Namur,  Wclkenraedt, 

FlAne,  Philippeville,  \Yil8ele). 

Fontaine  rEvAque,  Qn6yy, 

area    272 

popnlation 272, 2T7 

AOKICULTUBB— 

beet-root  sugar — 

potash  derived  fttim  the  residues.  30 

carbonate  of  potassium  from  the  residues  of,  combined  with  Chili  saltpeter,  for  the 

production  of  niter 28 

Chkmibtut  and  Phaumacy— 

exhibit,  chemical 76 

pharmaceutical 1 Ill 

exhibitors,  number  of 7 

awards,  number  of 7,8 

condition  of  the  industry 8,76 

manufactures — 

hydrochloric  acid 76 

niter 28 

phosphates 76 

potash,  from  beet-root  sugar  residues 30 

•oda 44,46,76.81 

carbonate,  used  in  glass-making 47 

sulphur 76 

sulphuric  acid 9,76 

dyeing  preparations 26 

manufacturing  processes,  apparatus,  machinery — 

nitric  acid 27 

soda,  Solvay 's  ammonia  process 44-60, 76, 81 

sulphuric  acid- 
pyrites  burners 10,12 

production  and  consumption — 

hydrochloric  acid 76 

P3rrites  9,80 

Boda 46,76,81 

sulphur .^ 76 

sulphuric  acid 9,76 

products,  by-products,  materials- 
acids — 

acetic 76 

hydrochloric 76 

hydrosolphorons 9;  76 


] 
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BBLGIIJM— Continued. 

Chsmestbt  axd  Phabmact— 
products — 
aoid»— 

nitric 17,76 

salicylic 78 

sulphuric •;76 

alumina,  sulphate 76 

benzine 76 

calcium,  chloride 76 

chlorine 51, 52 

desiccated  flo  vrers,  herbs,  etc Ill 

hops Ill 

hydrochloric  acid 76 

hj'drosulphurous  acid 9,76 

iron,  sulphate 76 

lime,  chloride 76 

niter 28 

nitric  acid 27, 76 

nitro-benzine 76 

phenol 76 

phosphates 76 

potash,  from  beet-root  sugar  residues 28,30 

pyrites 9,80 

sallcy  lie  acid 76 

saltpeter 76 

soda 76,81 

ammonia 44,45^46,47,76 

bisnlphate 76 

carbonate 47 

hyposulphate 76 

phosphate 76 

sulphate 76 

sulphydrate 76 

■odium — 

bisulphite 26 

hydrosulphite 96 

sulphur 76 

sulphuric  acid 9, 76 

sine 36 

imports- 
perfumes  from  Franco 11 6 

cod-liver  oil  from  N  orway 148 

ftiel  used  in  manufacture- 
coal 76 

operatives — 

number  employed — 

hydrochloric  acid  indoftry • 76 

pyrites  mining 80 

soda  industry 70 

sulphur  refining 76 

sulphuric  acid  industry 76 

Clocks  and  Watches— 

exhibit 405 

Glass— 

materials — 

carbonate  of  soda 47,76 

manufactures — 

bottles  for  preserving  desiccated  plants,  etc Ill 

chemical  apparatus- 
retorts  for  nitric  acid  manufacture 27 

Machinery  (including  tools,  implements,  apparatus,  processes)— 
chemical — 

latest  improvements  employed 76 
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BBLQIUM-Contiiined. 
Machikhbt— 
obemioal— 

chlorine  manu&otaie— 

Solvay's  process  (atillzing  ammonia-soda  residues) 51, 52 

plans  exhibited 76 

nitric  acid  monufSocture — 

gloss  distilling  apparatus 37 

soda  manufacture— 

ammon ia  process,  E.  Sol vay ■ 44-48, 49, 76 

pnxluct  ion 46, 76 

Bulpburic  acid  manufacture 10-26 

pyrites  burners 10, 12 

engines,  steam — 

winding  engine  tor  mines,  C.  Boer,  Jemapes,  exhibited 376, 377 

employed  in  mines — 

number 278,282,287 

hoisting 276,278.285,376 

,      pumping 276,278,279,282,284,285 

Cornish 285 

first  large  rotary,  John  Cockerill  Company 285 

ventilating 278,285 

engines,  compressed  air — 

employed  in  mines 279 

metal-working — 
iron — 

furnaces,  ancient  remains  of 281, 282 

number  in  oiMraUon 281 

improvements  in 282 

lead — 

"Bleyburgfiimaces" 286 

zinc — 

first  reduction  furnace  (1806) 200 

furnaces 291 

mining- 
hoisting  apparatus,  cages 278 

ore-dressing 288^288,291 

Mbtal-woiikino  («f4,  alto,  Machinery:  metil- working) — 

steel  maunfacturo 420 

MnnXO  iNDUBTlOItB— 

reporton 272-291 

antiquity  of  {»ee  coal  and  iron,  bslow). 

variety  of  minerals 272 

g«5ological  occurrence 272, 273, 274,  ITTS,  279, 280 

coal 278-279 

discovery  of  (1198) 276 

mining,  growth  of 276 

production 276,777,278,288 

geological  occurrence 278, 274, 275 

area  of  deposits 275, 276 

operatives  employed —         278 

engines  employed    276, 278 

for  drainage 276, 278 

extraction 276, 278 

ventilation 278 

engines  driven  by  compressed  air 279 

raised  from  vertical  shafts 278 

difliculty  from  water  in  the  shaft* 274, 275, 278 

mining  appliances 278 

iron 279-282 

worked  in  the  time  of  the  Romans 281,182 

archff^ological  remains 2SL 

mining,  growth  of 282 

production   281 

geological  occurrence TI9,780 
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BELOIUM— Continued. 
HiMnfo  Industries— 
iron- 
condition  of  metallurgical  indnstry 281, 283 

blastfurnaces 261 

lead  282-289 

geological  occurrence 282, 283, 284 

difficulty  from  water  in  the  mines 282,284,285 

production 283,288,288 

mining  appliances 285 

pumping  macliincry 284, 285 

ore-dressing  machinery 285, 286 

rinc 282-291 

geological  occurrence 282,283,284,280,290 

production 283,280,288,291 

crude  zinc 388 

sheet  zinc,  rolled 286 

zinc  white 288.291 

zinc  for  art  castings 291 

difficulty  fh>m  water  in  the  mines 284,285 

mining  appliances — 

pumping  inachiLery 284. 285 

hoisting  machinery 285 

ventilating  machinery 285 

ore-dressing  machinery 285, 286, 291 

fui-naces 291 

early  mining  enterprises 290 

condition  of  the  industrj' 291 

works  conducted  abroad — 

lead  and  zinc  mines  and  metallurgical  establishments — 

in  Algeria 287 

Franco 287 

Germany 287 

Sardinia 887 

Sweden 265,287 

operatives — 

numlxT  employed— 

in  coal  mines 27P 

lead  and  zinc  mine^ 289 

metallurgical  establishments 282 

danger  fh)m  mining  accidentM 285 

provision  for  the  welfare  of— 

by  the  Soci6t6  Anonymo  de  Bleyberg-te-Montzen 286 

Soci6t6  Anonyme  des  Mines  et  Fonderies  de  Zinc  do  la  V ieille-Monta^e .  289 

^ages 289 

ftiel  used  in  manufacture- 
coal 282,291 

coke 286 

cxpe<lients  to  economize 285 

production  and  consumption— 

baryt4*s 271 

cahimino 282,286,287,288,289 

clay 273 

coal .171, 177, 261, 272, 273-279, 286 

cobalt 287 

copper 287 

galvna 279,282 

iron 172,176,189,272,278,279-282 

on» 17J 

piK 172.281 

wrought 175 

pyrites 273-279,283 

le^ 172,223,272,273,282-291 

manganese 273 

peat 272 


INDEX.  491 

Page. 

BSLOniH— Continued. 

MiNINO  INDUSTBIKS— 

production  and  conBumption — 

pyrites 9 

silver 2M 

steel 172,282 

zinc 173,175,200,214,224,265,272,273,282-291,338 

exports — 

coal 277 

to  France 177 

Russia...  261 

iron 281 

to  France 176,281 

Great  Britain 206 

Netbierlands 281 

Prussia 281 

lead- 
to  France 175 

Great  Britain 228 

sine — 

to  France 176 

Great  Britain 206,214,224 

Imports— 

coal 277 

iron 281 

frora  Algeria 189 

France 281 

Luxemburg 281 

Netherlands 281 

Prussia 281 

Spain 281 

line — 

from  Greece 838 

Sweden 265 

Railways  (including  apparatus,  material,  fixtures)- 

exhibits 419.423 

passenger  cars 445 

narrow-gage  locomotives   451 

Westioghouse  air-brake  used  on  roads 461 

Tkxtxlb  Fabbics— 

woolen — 

bleaching  by  sodium  hydrosnlphite  tolution 26 

dyeing  by  sodium  hydrosnlphite  solution 26 

PROVINCES— 

HAINAUT— 

M»IKO  INDUSTBIU— 

coal 274 

production 276,277 

iron 280 

LltoE- 

MlXCfO  iHDUBTBnS— 

coal 274 

discovery  of  (1198) 276 

production 276, 277 

sine. 288,286 

LUXEMBURG— 

MlKINO  IKDUSTBXBS— 

coal 276 

production 276 

iron 280 

NAMUR— 

MINI50  INDU8TBIB8— 

coal 274 

production 270,277 

fieU,  LuaoLowthian  (England),  promoter  of  iron-smelting 195,211 
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Bell,  Isaac  Lowthian,  his  "Chemioal  Phenomena  of  Iron  Smelting,"  cited 190  note 

Bellat,  E.  (Rouen,  France),  ether,  chloroform,  chloral,  tannin,  etc 117 

Belting  (m«  Machinery :  tranomiaaion  of  power). 
Beni-Saf  (Oran,  Algeria)— 

iron  mines 189 

Bensberg  (Rhenish  Prossia,  G^ermany)— 
mining  industry- 
lead : 287 

zinc  blende J87 

ore-(l  rcBsing  works 287 

Bentley,  ProfesHor,  of  Pharmaceutical  Society  of  Great  Britain,  on  properties  and  cultiT&tion 

of  the  eucal^'ptus,  quoted 183-185 

B6r6sowsk  District  (Russia) — 
mining  industry — 

gold 250 

Bergamo  (Italy)— 
mining  industry^ 

lignite  deposits 307 

iron 306 

Bergen  (Norway) — 
chemical  industry — 

cod-liver  oil 146 

manufacture 148,148 

export 148 

fishery:  cod,  mackerel,  herring,  etc 148,147 

' ' Berg-  und  Hiittenmanniseke  Zeitung,"  description  of  tin-mining  processes 8^1, 8tt 

'*Beriehte  dc»  Deuttehen  Konmlatt  in  San  Franeiieo**  (on  bullion  production),  referred  to 345 

Berlin  (Germany) — 
chemical  industry — 

conif erin   70 

form  ula  of 70 

cyanides 80 

soda 48 

Bemays,  Joseph  (London,  England),  twin-cylinder  steam-engine 382, 883 

view  of 382* 

Berne  (Switzerland) — 
chemical  industry — 

bonbons  of  malt  preparations 156 

Berthollet,  Am6<l6e  B.  (Marst^illos,  France),  chemical  manufacture 77 

Berzelius,  Barou  J.  J.  (Stockholm,  Sweden),  discoverer  of  selenium 94 

Besan9on  (France; — 
manufactures- 
watches 407 

Besz6des,  Gyula  (Dnna-Vecse,  Hungary),  chemical  and  pharmacentical  products 148 

Biala  (Silesia,  Austria)— 
chemical  industry — 

essences HO 

Bilbao  (Spain)— 

mining  industry — 

iron  818,814 

BUlault  &  BiUaudot  (Paris,  France),  chemicals  in  variety 80^118 

BiUiton  (tee  Netherlands:  East  India  colonies). 

Bindschedler  Sc  Bnsch  (Basle,  Switzerland),  coloring  matters,  alizarine 101,  lOS,  156 

Binney  Quarry  (Linlithgowshire,  Wales) — 

ozokerit  deposits 71 

Birdwood,  Dr.  George  C.  M.,  author  of  the  *'  Handbook  to  the  British-Indian  Section"  (of  the 

Exposition)...  186 

report  on  "  Cinchona  Cultivation  in  India,"  quoted lM-140 

Binningham  (England)— 
chemical  industry— 

cod-liver  oil 120 

extracts 128 

Biscaya,  province  of  (Spain) — 
mining  industry — 

iron 818 
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fiisco,  Luigi  (Samico,  Bergamo,  Italy),  naphthaline 142 

Buersk  (Ural  Moantains,  Bouia)— 
mining  induatry — 

platinum 250 

Biamath  (set  Chemistry;  alto,  Mining). 

Biaschof,  A.  do  (Paris,  France),  vertioal  gas-engine 386 

Bitumen  (see  Mining). 

Bjdrkbom,  0.  L.  (Gothenbourg,  Sweden),  extract  of  malt 153 

Black  Forest  (Germany) — 
forestxy — 

coniferin  from  fir  trees,  for  chemical  use 60 

Black,  Hawthorn,  &,  Co.  (Gateshead-on-Tyno,  England),  locomotiye,  with  saddle-tank,  narroW' 

gage 416,461 

iUustration  of 460* 

Black  Jack,  a  zinc  ore,  definition  of 200 

Black  Sea— 

borate  of  lime  deposits 60 

Blackmar  &  Allerton  (Newark,  N.  J.),  essential  oils 160 

Blairsiow  (England) — 
chemical  industry— 

chlorine 00 

appariitns  for  regenerating  manganese 00 

Blake  Crusher  Company  (New  Haven,  Conn.)— 

stone  and  ore  crusher,  model  exhibited 302 

alleged  "improvements"  upon,  in  Europe 802 

Bhike,  W.  P.  (New  Haven,  Conn.),  his  "Production  of  Precious  Metals,"  cU-.,  cited 845, 347, 340 

Bleyber^-^H'Moutzen  (Belgium) — 
mining  industry— 

cerusito 286 

galena 286 

lead 282,283-286 

pumping  machinery 284, 286 

ore-dressing  works 286, 286 

pyromorphite 286 

zinc 386 

provision  for  the  welfjBire  of  operatives 286 

Blondel,  J.  (Marseilles,  France),  acids,  soda 70 

Bloqnarl  &  Co.  (Paris,  France),  digitaline 118 

Querenne's  Iron 121 

Bode  (Germany),  annular  fumnce  for  burning  pyrites 10, 11 

improvement  of  Maletra's  Perret  fhmace  12 

writings  on  the  Glover's  tower 17 

Boehringer,  A.  (Milan,  Italy),  quinine  manufacture 142 

Bcsttgcr,  Rudolph  (Frankfort,  Germany),  process  of  coating  metallic  objects  with  platinum  . .  67 

Bog-head  mineral  (species  of  coal) 220, 243, 244, 245 

Bohemia  (tes  Au8tria*Hnngary :  provinces). 

Bohlig,  E.,  sodu  manufiActnring  process 61 

method  of  preparing  oxalic  acid 68 

Bokou,  department  of  (Caucasus,  Russia) — 
mining  industry — 

mineral  oil 268 

petroleum  268 

Bolen  &  Byrne  (New  York  City),  artificial  mineral  waters  and  apparatus 150 

BOLIVIA— 

Chbmistuy  and  Phabmacy— 
materials — 

ciuchonabark 154 

coca 164 

matico 164 

sodium,  nitrate 27, 28 

exxK)rts — 

sodium,  nitrate 28 

MiXIXO  INDU8TBIX8— 

copper — 

exports  to  France 175 

Great  Britain 222 


4 
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^  BOLIVIA— CoDtinned. 

I  HlMIKO  INDUSTBOES— 

I*  ' 

gold— 
jl  production IW 

*  ■QTcr— 

«f  prodnction 173 

'i  lindepoaito 96 

'J  BoUnlos  (Spain)—  • 

:*  chemical  industry— 

i  cream  of  tartar 96 

•4  Bologna  (Italy)— 

chemical  indnatry — 

■nlphnr n 

Bolton  (England)— 
(  machinery  manufactore— 

^  gear-cutting  machines Wt 

i\  Bonne  Espdranco  (Belgium) — 

?•  mining  industry — 

•'  coal .. J78 

i;  Booth,  J.  C.  (United  States  Mint,  Philadelphia),  estimates  of  fineness  of  California  gold 231 

^  Boothby,J.,his  "Statistical  Sketch  of  South  Aostralia,"  quoted 288,340 

Borbeck  (Germany) — 
t  mining  industry — 

zinc  foundry 287 

Bordet  FrAres  (Froid vent,  France) ,  acetic  acid 86 

Borislar  (Silesia,  Oermany)— 

osokerit  deposits 72 

Borneo  (tee  Netherlands :  East  India  colonies). 

Borthen,T.n.  (TrondUJem,  Norway),  cod-liver  oil 146 

I  Bosisto,  J.  (Melbourne,  Victoria,  Australia),  preparations  of  eucalyptus 131 

Boston,  Mass.— 

chemical  industry g8 

blacking 100 

leather-dressing 180 

^,  "oap 100 

.\  tanning  extracts 100 

*  Boston  Watch  Company  (Roxbury  and  Woltham,  Mass. ) — 

introduced  machine  manufacture  of  watches 408 

succeeded  by  American  Watch  Company  (which  eee) 408 

Boude  &  Fils  (Marseilles,  France),  sulphur 78 

Boulevard  (France),  ammonia-soda  manufacturing  apparatus 81 

Boulogne  (France) — 
chemical  industry- 
alumina  sulphate 86 

"chlorozone"  for  bleaching 86 

disinfectants 86 

Bourbon  Island  (tee  France :  colonies :  Keunion). 
Boussu  (Belgium) — 
mining  industry — 

274 

Bowdlcr  &  Bickerdiko  (Church,  England),  carbolic  acid  and  derivatiTes 130 

Bowenfels  (New  South  Wales,  Australia)— 
i*:  mining  industry — 

coal 343 

Bower,  Honr>'  (Philadelphia,  Pa. ),  glycerine,  potash,  ammonia 80,161 

Bowkcr  (Leeds,  Euglond),  ammonia-soda  manufacturing  process 44 

Boyd,  Son,  d:  Co.  (Dublin,  Ireland),  snlphi^  of  soda,  chloride  of  lime 80 

Boxen  (Tyrol,  Austria)— 
I  chemical  industry' — 

.«  essential  oils 110 

.;  caraway 110 

(f  turpentine  pitch 110 

Brachelli  Dr.  H.  F.  ( A.ustria),  statistics  of  Austria-Hungary  mining  industry,  cited 

Brakes  (eee  Railways). 

Brass  (eee  Metal- working;  alio.  Mining). 


!'.  coal 

I 

1 

1 
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Braasao  (France)— 

early  coal  mining 170 

Bray  (Euro,  France) — 
mining  indoatry — 

rolling  mills • 287 

BRAZIL- 

MiNIXO  Industbt- 
gold— 

prodaction 173 

Brazowa  (Hungary) — 

railway  apparatus  manafactared — 

iron  parts  of  locomotiyes 442 

Brescia  (Italy)— 

chemical  industry — 

magnesia,  carbonate 94 

sulphur 0 93 

mining  industry — 

iron 308 

Brill,  J.  G.  (Philadelphia,  Pa.),  stree^railway  cars 461 

Bristol  (England)— 

railway  apparatus  manufactured — 

locomotives 445, 45 1  -454 

of  standard  gage 451 

narrow  gage 452 

with  double  boiler,  double  bogie 452*-454,456 

adopted  in  Australia 4ri2 

Ireland 452 

Mexico 452 

Norway 452 

Peru 453 

Russia 452 

Venezuela 452*,  453 

Wales 452,456 

British  (see  Great  Britain). 

British  Columbia  {$ee  Great  Britain:  colonies:  Canada). 

British  Guiana  {»ee  Great  Britain:  colonies). 

Broch,  Dr.  O.  G.  (Norway),  his  book,  "£«  Royaume  NorvSge  et  le  PcupU  Norvigien,'*  cited 267, 269 

Brockvillc  (Canada) — 
chemical  industry — 

acid,  hydrochloric 77 

nitric 77 

sulphuric 77 

Bronze  (tee  Metal- working;  alto,  Mining). 
Brooklyn,  N.  Y.— 
street  i-ailways — 

llreless  motors  URe<l  on 463 

Broughton,  quinologiat  on  Ncilfiherry  Hills,  British  India 139 

method  of  febrifuge  manufacture 139 

Brown  &,  Sbarpe  Manufacturing  Company  (Providence,  R.  I.),  tools,  rules,  gages,  emery- 
wheels,  etc  397 

Browne.  J.  Ross,  his  " Mineral  Resources  of  the  United  States"  cited 345,349 

Uuited  States  Commissioner  of  Mining  SUtistics,  1867-'68 350 

Bruckrannn  (Norway),  his  ^'Moffnalia  Dei'*  (book  on  mining)  citeil 270 

Brunn  (Moraviu,  Austria) — 
chemical  industry — 

essential  oils 110 

ether 110 

herbs 108 

malt  for  brewers 110 

potash,  prussiate 78 

tartaric  acid 75 

tinctures 110 

Briinner,  method  for  preparing  potassium  sulphate 81 

Brunncr,  ]^Ioud,  6i,  Co.  (Northwich  and  Sandback,  England),  ammonia-soda  manufkcturing 
process ^ 46 


i 

\ 
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Bruntoii&  Trier  (London,  Ens:land),  stonc-dresaing  machine 39ft^ 

illuatraUona 8W*,  400*.  401*. « 

Brussels  (Dclporn) — 
chemical  industry' — 

alumina,  sulphate 

Boarcos  (Porta|;al)— 
mining  industry — 

lignite ! 

Buda-Pest  (Tlungary)— 
chemical  industry — 

I)otash  from  suint  of  wool 

railroad  apparatus  manufactured — 

locomotivrs 441, 4 

Buenos  Ay  res  (see  Argentine  Republic). 
Bnfiklo,  N.  Y.— 

chemical  Industry — 

oils,  Uluminating 

■  I  lubricating 

Bnggerm  (Sardinia,  Italy) — 
''  mining  industry* — 

.1  zinc-ore  roasting  furnaces 

J  Buoys,  self-luminous,  used  in  French  marine  service 

?:  Burgoyno,  Biirbri4geH,  Cyriiix,  <t  Farries  (London,  England),  chemicU  and  pbarmacentical 

products 

Bnrkeville,  Va, — 
I  chemical  industry — 

oil  of  sassafras 

Burleigh,  apparatus  for  pros«pecting  for  ort's  by  boring 

Burra  (South  Australia) — 
■  mining  industry — 

,  copper 

Bush  (W,  J.)  &  Co.  (London,  England),  general  chemicals,  essences,  essentiid  oils,  salts 

I  Bussaco  (Portugal) — 

mining  industry — 

*  coal,  anthracite 

1  Batzke,  V.  (Varon^ga,  Russia),  oils  of  anise  and  mint 


.■\ 


Calabria  («f«,  Italy:  provinces). 
Calamine  {see,  alio,  Mining)— 

hydrous  silicate  of  zinc,  definition  of 

Calchopyritos  {see  Mining). 

Caldorara  Sc  Bankrounn  (Vienna,  Austria),  perftimes,  soaps,  toilet  articles 

California  {see  United  States). 
Caltanissetta  (Italy)— 

chemical  industry ; 

magnesia ] 

quinine ] 

sulphur 

Camaresa  (Greece) — 
mining  industry— 

copper 3 

lead S 

silvet S 

zinc S 

Camboni,  P.  (Brescin,  Italy),  magnesia i 

Cammack  &  Walker,  sulphate  of  soda  decomposing  ftimoce 1 

Campnnil,  Biscayan  iron  on>,  red  lieinatit**,  defluition  of 8] 

analysis  of 3; 

Campo  &  Co.  (Han>,  Spain),  cre;un  of  tartar ! 

Camus  Frdres,  Neppcl.  &  Cu.  (Paris,  FraD('^'),  acetic  acid,  metallic  acetates,  methylene f 

Canada  {see  Great  Britain:  colonies). 

Candiani  (J.)  Sc  Biilt  (Milan,  Italy),  sulphuric,  nitric,  hydrochloric  acids,  preparations  of  sine 

and  iron  for  paints,  soda,  superphosphates 98,1 

I  Caudles  from  parafhue •; 

(i  Cangiotti  (A.)  (Pcnaro.  Italy),  sulphur 1 

r  Cap«:  Colony  {see  Great  Britain:  colonies:  Cape  of  Goo<l  Hope). 
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Cftpe  Coromandc'l  (New  Zealand) — 

SioltX  mining ~ 883 

Capo  of  Cr<)od  Hop<>  {see  Great  Britain:  oolonies). 

Capi*  PaterHnn  (Victoria,  Aastralia)— 

minin;;  iuduHtry— 

coal  242 

Caravaya  (Pern) — 

species  of  calisay a  growing  at 137 

Camiola  Chemical  Works  (Long  Island  City,  N.  Y.),  aci^tate  of  lead 100 

Carof  &  Co.  (Pl(>iidalm6zo:ui,  Finistdre,  France),  iodine,  potash,  etc.,  from  8ea>weed,  bromine..  82 

Carolineuthal  ( Bohemia,  Austria) — 

chemical  indnstry 73 

soda 73 

Carpathian  Mountains  (Austria) — 

mining  industry — 

salt 293 

Carrara  (Italy) — 

marblo  quarries 306 

Cars  (tee  Railways). 

Carthaginians  (ancient)— 

luining  operations  in  Portogal 823 

Coisia  occidentalit,  plant  of  Martinicine,  a  substitute  for  coffee 123 

Cassiterito  (see  Mining). 

Cassoui  &,  Colotta  (Valdi  Ledro,  T^toI,  Austria),  magnesia, etc 75 

Castellon,  pntvlncr  of  (Spain) — 

mining  industry — 

lignito 315 

Castrocar«>  (Italy) — 

chemical  industry — 

bromides 94 

iodides 94 

iodin(^ 94 

CatanLi  (Italy)— 

chomieal  industry — 

sulphur 93 

CatiPon  (PariH,  rnince),  preparation  of  pepsin  with  chinchona,  iron,  wine,  and  glycerine 122 

Caucasus  {ifce  KuHsin :  provinces). 

Cazalis  d&  Leenhardt  ( Mnntpellicr,  Fi-unec),  sulphuric  and  tartaric  acids,  bauxite,  salt,  alum. . .  79 

Cederblom,  boriuz  apparatus  for  prospecting  for  ores 266 

Ceinture  Kail  way  (Paris.  France),  its  cars  ciiuipped  with  the  Wcstinghouse  air*brake 467 

Celeljes  Islands  (ace  XetherLinds :  coloni(>s). 

Centennial  iCxliibition  {nee  International  Exhibitions). 

Centrevllle,  Mieh. — 

chemir'al  industry — 

essential  oils 159 

CERAMICS— 

articles  manufactured — 

chemiiuil  apparatus — 

st«me- ware  recipients  for  sulphuric  acid  in  vitriol  chambers 16 

lin;-clay  tubes  in  fuming  sulphuric  acid  manufacture 24 

stone-warore<Mpients  for  nitric  acid 26,27 

replaced  by  glass 26 

porcelain  vessels  coatctl  with  platinum  as  substitute  for  solid  platinum  68 

decoration — 

enamel  colors  for  porcelain  made  from  platinum 67 

iridium 69 

uranium 301 

fuel  used  in  manufacture.  Great  Britain    210, 211 

materials — 

flre-clay,  Sweden 263 

elay,  sand,  Belgium    273 

ancient  Koman  (tottery  found  in  Saint  Domingoa  mines,  Portngal 334 

Ceresine,  imitation  of  beeswax,  from  ozokerit. 72 

Cerusite  (see,  aUv,  (Chemistry:  aUo^  Mining) — 

carbonatt!  of  h-ad,  defiultiou  of 282 

32  p  K— VOL  4 
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Cesena  (Italy)— 

chemical  industry — 

sulphar W 

(>.9eDa  Sulphur  Company  (Cescna,  Italy),  sulphar W 

Coylon  (tee  Grrat  ISritpain :  colonics). 

Chaguino  Sc  Prokoflcff  (Saint  Petersburg.  Russia),  agg  and  blood  albumen,  dried  blood  mannro  15o 

Chambers  ( Jatnos)  &  Co.  ( London,  Eu.'j^land),  f;eneral  chemicals 91 

Chapuia,  II.  (Paris,  France),  sulphuric  acid  concentrating  apparatus :  paladium,  iridium,  alllla 

for  hydrofluoric  acid 87 

Chanl,  R.  J.  (Now  York  City)— 

lubricino,  UA.>d,  with  hiA  lubricatins:  cups,  in  United  States  machinery  section 150, 160, 182 

misplacing  of  this  exhibit,  referred  to 6noi§ 

Chardin  &  Matwignon  (Paris,  France),  perfumery  from  pM*afllne 116 

("harleroi  (Belgium) — 
mining  industry — 

coal 273,274.275,378 

Chassaing,  Gu6non,  &  Co.  (Paris,  France),  pepsin 121 

Chauny  (France) — 

chemical  industry — 

alum 81 

potash 81 

soda .' 81 

sulphuric  acid 81 

glass  manufacture 81 

Chaves  &  (iouzalos  (HoIIuIoa,  Spain),  cream  of  tartar M 

Chemical  Workn  of  Rrockville  (Brockville,  Ontairo,  Canada),  nitric,  sulphuric,  hydrochloric 

acids 77 

Chamical  Works  of  Stavr.nger  (Stavangor,  Norway),  soda  pru<lucts,  sulphuric  and  hydrochloric 

acids 95 

CHEMISTRY  AND  PHARMACY— 

[TSorz.— The  chemical  and  pharmaceutical  exhibitt  are  indexed  in  detail  under  the  titles  of 
thtprodv^ng  cnvntriee,  viz: 

Argentine  Republic,  Ilnyti,  Portugal  (with  colonies), 

Asia  Minor,  Italy,  Russia  (with  provinces), 

Austria- Hungary,  Japan,  Salvador, 

Belgium,  Luxemburg,  Slam, 

Bolivia,  Mexico,  Sweden, 

Chili,  Monaco,  Switzerland, 

China,  Morocco,  South  America, 

Denmark  (with  Groenland),      Netherlands  (with  colo-    Spain  (with  colonies), 

Franco  (with  colonies).  nics),  Tunis, 

Germany,  Nicaragua,  United  States  (with  indlvid- 

Orcat  Britain  (with  cohmies),    Norway,  ual  States), 

Gn*cr^,  Persia,  Uruguay, 

Guatemala,  Peru,  Venezuela. 

See,  alfo.  Forestry,  Machinci-y,  Mining  Industries,  Operatives.) 

-dassiflcatlon  of  exhibits  (Gi-oup  V,  Classes  47.  .13) 2 

Rkpoht  ox  ••  Chemical  am>  PiiAUMACEL'ncAL  Piiocksses  axd  Poepaiiatioxs,"  by  Thomas 

E.  Jkxkixb,  M.  1) 1-lC 

-exliil»itH  of   4,  • 

by  United  States  inadequnte 7, 8, 90 

recent  pn)gn*<«f«  in 4 

stimul.ited  by  international  exliibitions 3 

diflirult  to  obt.'iiu  information  concerning 4-7 

list  of  Jurors  of  (;iasH47 5,0 

numlwr  of  I'xhiliitors,  by  countiies 7 

awards,  by  countries  7 

■percentage  of  a  wanls  to  exhibitors,  by  count  ries 7, 8 

illustration  in  the  n-port — 

l*l:ite  T.  Schaffner  &  II<  Ibig'rt  Method  of  Regenerating  Sulphur  from  Soda  woato 42* 

«ianuf.i('tiircH.  products,  prooessoH,  new  or  recently  improved  (tee^  aUo,  further  rtfereneem 
to  the  name  aubttances  vnder  Uie  title  e/ Products,  etc.,  below) — 
acids — 

organic 3,64 

benzoic fiS,  •# 
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CHEMISTRY  AND  PHARMACr-GontinnecL 
MannfacturoA,  product^  anil  processes - 
aci^l8— 

benzoic— 

fh>in  napbtlmline <B 

urino  of  hprhivHroos animals 8S,64 

Diiubin's  procosH 04 

Pntx'n  procosn 04 

oxalic   «3 

from  sawdust 03 

pino 03 

bran 03 

cellnlose 03 

lignose 03 

nitrates  in  waste  of  brass  and  copper  works 03 

Asflf'Iin's  process 03 

Boblig'HpnK'ess 03 

Tbom's  experiments 03 

used  in  bo<'t-root  sn;^r  manufacture 03 

not  pois<mons 03 

tartaric 04 

from  wino-lees    04 

Dietrich's  pro<:csH 04 

alizarine 100-108 

first  natural  dye-stuff  prepared  artificially 100 

pro<lnotion  from  antln-nccne  discovered  by  Graebe  &.  Liebennann  (18GR)  100 

dispLieinj:  madder 100, 101, 113 

indi;:o 105,107 

ultramarine 107 

manufacture  of 100, 104 

pnH'esses 100, 105 

(3raebe  &  Licbermann's  100. 101 

Bindschtidler  &  Bu8ch»s 101,104,105 

colors  i)roduced — 

re<l,  violet  shades 108, 105, 100 

yellowish  shade 103 

furlisine 100 

oran;;e 104,105,100 

blue    , 105 

greenish    105, 100 

reddish 105 

bike 105,100 

purple 100 

violet 100,107 

derivatives  of— 

nitro-allzarine 104, 105 

alizarine  Idue 100-108 

Iiroperties of .   ...  ; lOft-108 

prices ! 100.101,104,107 

use  as  a  dye-stuff  (fee  Textile  Fabrics). 

alumina  preparations 57, 58 

aluminium,  sulphate — 

displncin*;  alum  In  paper  manufeeturo 57, 58 

dyeing  textile  fabrics.  57, 58 

En;ilirih  process,  sulphuric  acid  and  china  clay g 

l<'rc  iich  proe^'ss,  hydrochloric  acid  and  slag  of  iron  fomaoes 58 

flutter's  process,  ferric  sulphate  and  z.luc 58 

aluminium,  hydrate — 

for  decolorizing  beet-root  juioo  58 

Lowiij'H  process 58 

nbiminium,  salts — 

Ducla's  process 68 

ammonia  {tee  soiLo,  helow). 
anthmcttno  {see  alizarine,  ofroM). 
anthraqutuone  (««»  alizarine,  oftoM). 
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Paffe. 
CHEMISTKV  AND  PHARMACY— Continued. 
Manufactures,  pr(Mlnct8,  ami  pnK'csAea — 

boraxand  boracicocid 59,69 

for  antisvptir  and  clcanAiuj;  purposes 59 

Bourcca  of  supply .>9 

Tuscan  fiiniarolos  tlisplaced  by  deposits  in  America 59 

Asia  Minor .'lO 

SicUy 59 

Dienlafiiit's  theory  of  the  formation  of  iMiric  ai'id 50, 60 

Bei'hi's  thiwry 60 

decrease  in  prlci- 59 

bromine 54,55 

great  production  of,  in  Unit^Ml  States 54, 55 

disidaced  profluction  tram,  kelp 54 

Stassfurth  salines 54 

uses  of 55, 03 

in  m«?talluri;y,  proposed 55 

Hahn's  mi-thod  of  obtaining,  from  saline  liquors 55 

decrease  in  pi  ico 54, 55, 63 

shipped  us  bnunidc  of  Iron 55 

chlorin<^  and  blciichinf;  powder 51-54 

processes  of  manufacture 51-54 

Solvay'H  {dnu  of  utilizing  amuionia-soda  residues 51, 5*2 

Weldon'ii  process,  regenerating  oxide  of  manganese 52, 53, 78, 79, 80. 84, 90 

Deacon  &.  Hurler's  process 52, 53.  54 

Jetzler'H  process 53 

Dunlop's  proc4'tM  53 

Hoffmann's  process 53 

Hasonclever's  process 54 

manganese,  p«Toxide,  supply  of h\ 

publications  on  C4)niposition  of  bleaching  povrdor 54 

by  Hurter 54 

cinchona  (»c«,  dUo,  (]uinini'.  Mow) 136-140 

alkaloids,  febrifuge  properties 136, 138, 139 

cinchonidiue 139 

clnclionine    139 

quinetiim 139 

quinidlnc 139 

quinine  (««r,  also,  quinine,  helino) 139 

mnnufueture  of 136, 139 

Broughton's  mctlio<l 139 

WtMMl's  methoil 139 

De  Vr^'H  method  (quinotuni) 139, 140 

cultivation,  acclimation,  etc.  {tee  Forestry). 

cod-liver  oil 146-149 

early  t«4'.huical  use 147 

medicinal  nso  began  about  1830 147 

expoundtMl  by  Dr.  De  Jong,  1840 147 

improved  manufacture  (MoUcr'A)  began  186C 147 

procesHesof  nmnufartun^    147.148 

MoUer'rt  steam  prmrcsH 147 

old  system 148 

"oUum  jeeorU  (uteUi  Jlavum^' 148 

"  oIc'UiH  jeeorin  OMUfilti  jfacum  /Hgium '" 148 

oil  withiiut  Ht4'iirini> , 148 

residue.H  uned  for  tanning 148 

manure 148 

annual  production  in  Norway 149 

destinations  of  ex]M)rt 148 

catching,  curing,  etc..  nf  ihc  iifth  (gee  Fish), 
couiferin  i.«tv  llavoring  rxtnictj*,  Mow  :  aleo,  Forestry). 

cyanides 60-63 

neod  for  tlmir  cheap  pnNluction 60 

couaumption  of  fcmo-cyanide  of  potassium  (yellow  prussiate)  in  Enroiie  and 

America 61 
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CHEMISTBY  AND  PHAKMACY-Continned.  ^**' 
Manufactures,  products,  and  piooeMea^— 
cyanides— 

produced  from  refuse  of  soda  works 00 

sulphuric  acid  mann&etnre 62 

gas  puri  fiers 00, 61 

nitrogen,  with  carbon,  putush,  bar^-t.i 61 

carbon,  bisulphide,  on  animouium,  sulphide ...  61 

processes  of  manufacture) 60-63 

Erlonmeyer's 60 

Douglas's 60 

Alander*s 60 

Yaleutine's 60 

TohemUkc's 15.61,61 

Giilis's * 61 

*  elegant  pharmacy" 114, 115, 167,  lo8 

growth  of 115,157,158 

adrantagea — 

medicines  compounded  with  supeiior  apparatus 114 

specialskill 114 

of  better  quality 114 

less  nauseous 158 

lower  prices 114 

olijections— 

ingredients  concealed 115 

possible  adulteration 115 

poor  ingredients    158 

lightweights 158 

inyestigation  by  the  American  Pharmaceutical  Association 115, 158 

views  of  the  * '  London  Pharmaceutical  Journal  and  Transactions  " 115 

the  apothecary's  vocation  endangered  by 114, 115, 158 

eucalyptus — 

hygienic,  pharmaceutical,  and  medicinal  properties 138-135 

dispelling  miasma 134 

disinfectant 134 

antiseptic 184 

pharmaceutical  products 134, 135 

eucalyptol 185 

essential  oil 135 

as  solvent 135 

in  perfiimery 135 

soap  .  .  135 

as  disinfectant 135 

growth,  acclimating,  general  uses  (cm  Forestry) . 

Professor  Bentley*s  description  of^  quoted 134, 135 

flavoring  extracts 60-71 

vanilla , 69 

imitated  in  artificial  vanillin 69 

vanillin,  production  of 69-71 

from  the  vanilla  pod 69 

coniferin  (see,  aXso^  Forestry) 69-70 

eugenol  in  oil  of  cloves,  of  pimento,  etc 71 

benzoin  resin  71 

avenine  (fhmi  pericarp  of  oats) 71 

Haarmann  &  Tiemann's  process 70, 71 

Reimer's  process 70 

Kump's  process 71 

Serullas's  process 71 

henna 151 

used  to  color  the  hair  and  nails 151 

in  combination  with  reng 151 

description  of,  by  Dr.  Tholozan,  physician  to  the  Shah  of  Persia^  quoted 151 

hydrochloric  acid  («m  soda,  Mow). 

iodine 65,66 

discovered  in  France 65 
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Manufactares,  products,  and  processes— 
iodine — 

formerly  produced  cliiclly  from  kelp 56 

in  France  and  Scotland 55 

Earopean  manufacture  displaced  by  by-product  of  nitrate  of  sodium  works  (9$&, 

olfo,  South  America) 55 

efforts  to  compeie,  by  arrangement  with  Peruvian  manufuoturers 55 

improved  processes — 

Stantord'a 50 

Glaizat&PeUieux's 5G 

Maz6-Lannay'8 56 

Herland's 55 

Schmidt's  56 

Galloway's 56 

Wolleston's 56 

decline  in  prices 56 

varieties  of  sea-weed  employed 56 

manganese  oxide  {tee  chlorine,  above). 
nitric  acid  and  nitrates — 

nitrioacid 26-28 

from  sodium  nitrate  (Chili  saltpeter)  with  sulphuric  add 26 

with  manganese  chloride  (Kuhlman's  process) 28 

alumina  (Wagner's  process) 26 

calcium  carbonate  and  steam  (Walz's  process) 26 

Julian's  electric  proems 27 

improved  apparatus  (eee  Ceramics,  Glass,  Machinery) 26, 27 

residues  yield  soda  crystals 27 

fuming  (Nordhausen)  sulphuric  acid 27 

nitrate  of  soda  (soda  saltpeter) 27, 28, 45 

fh)m  deposits  in  South  America 27 

productfd  by  lixiviation    27 

old  method  (boiling  in  water)  abandoned 27 

prodnctiou  a  government  monopoly  in  Peru 27, 28 

nitrate  of  potash,  saltpeter 28 

sources  of  supply 28 

from  potassium  salts  and  nitrate  of  sodium 28 

chloride  of  potassium,  lh>m  Kalusz 28 

Stsssfurth  salts  ...' 28 

Schmidt's  pmcc88,  from  iodine  residues,  kelp 28 

niter,  from  Chili  saltpeter  and  beet-root  suf^ar  carbonate  of  potassium ...  28 

Bitro-aliasarine  (tee  alizarine,  above). 

OKokerit 71,79 

dources  of  supply 71, 72 

description  of 72 

produces  ceresino  (sold  as  beeswax) 72 

illuuiinatinf;  oils 72 

paraffine 72 

peptone  ■- 122,123,140,141 

properties  of 122, 123, 140 

mode  of  administering        140, 141 

method  of  preparation  (Sanders's) 141 

production 140 

price 141 

treatise  on,  by  Henninger 122,123 

pituri 133 

derived  from  plant  Duboisia  hopwoodii 133 

chemical  properties 133 

stimulating  uarcotii*,  courage-compelling 132 

use  by  Mallutha  tribe^  Australian  aborigines 133 

potash,  prussiate  (eee  cyanides,  above). 

potassium  salts          28-32 

deposits  at  Kalusz 28 

Stassftirth 28,80-32 

extracted  fh>m  the  sulnt  of  wool 20 

sea- weed  Bsbes 29 
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manufactures,  prodaoU,  and  procewes— 

potaasium  aalta — 

extracted  from  mother-waters  of  salt-gardens 29, 30 

residues  of  bcet-it>ot  sugar 30 

investigations  of  A.  W.  Hofraann 20 

Yanquelin 29 

Ghovreul 29 

Pfeiffer 31 

manufacturing  process  of  Herland 29 

Merlo 29 

Vincent 30 

Briiuner 31 

De  Gonsillier 31 

W.  Siemens 32 

use  of  pe^rlasb  diminishing; 29 

kelp  refuse  as  fertilizers 29 

sodium  sulphate  in  glass  manufacture 30 

StAssfurth  residues  from  i>otaBsium  chloride  in  glass  manufacture 31 

for  extracting  glaubcr  salts 31 

prices 29 

quinine  (gee,  aUo,  cinchona,  above) 142, 143 

manufacture  of;  in  Italy 142,143 

varieties  produced 143 

derivatives  of  cinchonidine  (22) 143 

cinchonine  (15) 148 

quinidine  (17) 143 

quinine  (40) 143 

»ib<u1^ru 103 

Swedish  explosive  preparation  of  nitro-glycerine,  wood-charcoal,  and  explosive 

salts 153 

proi)ertlcs  of 153 

superior  efficiency 153 

safety 158 

soda  industry 32-51 

recent  advanc<'S 32 

sources  of  supply 32 

natural  soda  deposits 33 

fromkelp 33,48 

cryolite 83 

sulphate  and  hydrochloric  acid,  manufacture  of 33-87 

apparatus  and  processes — 

Jones  &  WaUh 33,34,36 

Cammack  4u  Walker 84 

Hargreavcs  &  Robinson 32, 34, 35, 86 

crude,  from  sulphate,  Lablanc's  process 37-39, 44, 4r» 

apparatus,  improvements,  etc. — 

Maetear 37, 38, 89, 45 

Elliott  &  Russell 37 

Hargnaves  &,  Robinson 32, 38, 45 

Malherbo 38 

Kopp  &,  Stromeyer 38 

Th61en 39 

waste,  regeneiation  of  sulphur  ftom 39-43 

method  of  Mond 40 

Schaffner 40,43 

St'haffner  &  Helbig 40-42 

plates  illustrating 42* 

Krausshaar 43 

Mactear 43 

Hewitt 43 

ammonia-soda 32, 44-50 

processes— 

Solvay 44-48,49 

Schalke 46 
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nuurafiMtnroii,  pruducts,  and  proceMes — 
•oda  industry — 
n  mraonio-soda— 

pr()CC884*M — 

SchlSslng  &  Solland 44 

Schmidt 46,48 

Ilonigmann 46, 47 

De  GrouBilliers 48 

W.  SiemeuA 48 

Scherbascheff 48 

Gerlach  (prodaeinj;  ammouiA  saltn) 49 

Claus  &  WaUaco 49-50 

ammonia^  used  in  glam  worka 46, 47 

ultramarine  worka 46 

cauBtic,  and  carbonate  of  Hodium — 

new  methoda  of  mannfaoturo 50. 51 

Vincent's 50 

Davis's 51 

Dohlig's 61 

Griineberg  &  Forster's 51 

Thlrion's 51 

Weldon'H 51 

Arrott's 51 

Lowig'i 51 

silicates,  used  in  glass  works 51 

sulphur  waste  from,  regenerated 51 

manufactun*d  into  hydro8u])>hites 51 

ttulphur  {tee  »oda,  above ;  alto  the  following). 

sulphuric  ai' id 1 9-26 

importance  of  the  induntry 9 

riKTont  progress 9 

production 9 

sources  of  supply 9, 10 

pyrites 9,10,13,15 

sulphur  deposits 9, 40 

regenerated 10 

from  gas  works 10 

glass  works 10 

snlphnreted  hydrogen 10, 22 

blende 10 

machinery,  apparatus,  processes — 

pyrites  burn  hts 10-13 

Hofmann 10, 12 

Do  Uemptinne's 10 

IJode's 10.12 

Gerstenhofer's   11 

Pem»t'R 11,13 

Maletra's 11.12,14 

Kunhoim's 12 

llnsenclevcr  &  Helbig's 12,13 

Walker's 12 

Spencer's 12 

MacDougall'a 13 

for  utilizing  residues  flroni  pyrites  burners  13-15 

GIbb  &  GUtharp's 14 

CUtudet's 14 

vitriol  chambers 15-17 

Spn^ngel's  impn>vement 16 

Dellemptinne'H  method 16,17 

Glover's  tower 13,16,17-19,78 

Gay  Lnssao's  tower 16,18,19.26 

for  concentrating  the  arid 19-22 

apparatus  of  lead 19 

De  Hemptinne'a    19 


\- 
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mana£EM:tures,  prodactB,  and  prooeflse^— 
snlpharic  acid — 

maohlnory,  apparatus,  proceMea— 

apparatus  of  platinum  and  lead 19, 20, 21 

Faure  &  Eeasler's 10,20,21 

t>]atinum 19,20,21,22 

Johnson,  Matthey ,  A  Co.'s 20, 21, 65, 86, 90, 91 

Desmontis  &  Co.'s 20 

Liebig's  improTement 20 

ironandlead 21 

Licbtenberger's 21 

glaasretorts 21,22 

for  purifying  the  acid 22 

Dupasquler's 22 

investigations  and  writings  on  the  proceaaes— 

by  P.  W.  Hoftnann    15 

Lunge  15,17,18 

De  Hemptinne 17, 19 

Bode 17 

Vorster 17.18 

Hurter 17,18 

Davis 19 

Scheurer-Kestner 21 

Favre                22 

fuming  (Nordhausen)  sulphuric  acid 22-25 

ancient  manufacture  of 22 

extracted  f^om  vitriol  slate 23 

processes  of  manufacture 23-25 

English,  French    28,24 

Winkler's    24 

Walters's 25 

used  as  a  pigment 23 

in  dyeing  textile  fiibrioa 23 

manufacturing  alizarine 23 

sulphurous  and  hydrosalphurous  add 25,26 

used  in  making  artificial  ice 25 

wine  and  beer  making 25 

dyeing  textile  fiibrioa 25,26 

bleaching  woolen  goods 26 

superphosphates 56,57 

processes  of  manufiwsture 56,57 

Kohlrausch*s 66,57 

Way's 57 

Thibault's 57 

investigations  of  the  production  of   57 

Kolb's 57 

Armsby's 57 

Erlenmeyer*s 57 

vanilla,  vanillin  (sm  flavoring  extracts,  aboM). 
vermilion — 

process  of  manufacture  at  Idria 304 

products,  by-products,  materials — 

[JSlOTK.—8ueh  qf  theae  produeU  €U  wrtpffisud  bit  an  tuteriik  (*)  art  further  indeaud 
under  Mining  Industries.] 

acetic  anhydride 71 

acids- 
acetic  57,76,86,92 

arsenious 19,22.64 

benzoic 64,87 

boracic 59,60,83,86,91,92,94,130,131,152,153 

carbolic 120 

carbonic 31,45,94,114 

cetyUc 129,180 

cbromio 96 
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prod  acts,  &c.— 

acids — 

chrysophaaic 91, 181 

cinoamic 133 

citric 86.91,130.131,141 

gaUlc 85,  M,  119 

^^elseminio 130 

hemipinio 180 

hippuric 64 

hydrochloric 34, 36, 87, 43, 45, 53, 63, 64, 73, 74, 75, 76, 77, 80. 82, 84, 00, 92, 33, 95. 07. 103 

hydrocyanic 87 

hydrofluoric 86, 87 

hy<lroru1heiiic 67 

hydrosolpharoas 9,25,76,106 

isobutyl-fonnic 143 

methyl-ethyl-ocetate 143 

nitric 16, 16, 23, 26, 27, 63, 73, 74, 75, 76, 77, 79, 82, 87, 92, 93, 95, 98, 97, 101, 104. 146 

oleic 129 

opianic 130 

osmio 67, 86 

oxalic   63,95,146 

pentylio 148 

py rogallic 86, 109 

qaiuic 148 

quinonic .     148 

racemic    120 

salicylic 25,76,121 

silicic 45.51 

stearic 129 

sulpholeic 106 

tnlphoricinlo 106 

sulphuric 9-26, 84, 36, 48, 46, 46, 54, 58, 61, 63, 73, 74, 75. 76, 77. 79,  80, 81 ,  82, 86, 87, 90. 92, 

93, 94, 95, 90, 97, 98, 102. 106, 110. 146 

fuming  (Nordhausen) 22,24.73.103 

tartaric 64,73,74,75,79,92,144 

tbeobolactio 129 

trimethyl-aoetio 148 

valedanio 131.148 

vauillio 70 

alautine U8 

albumen 150.152 

alcohol 81.83.106 

amylic    148 

coniferyl 70, 71 

metby  lie 80 

aldehyde,  methy l-protooatechuio 70. 71 

salicylic 71 

aliaarine 23,100-18,118 

blue 106-108 

alkalies 82.73,89,99 

alkaloids 107,120 

Fowne's 129 

alkathrepta 160 

allspice - 154 

aloes 132 

aloin 129 

♦alum 68,71,81,86,87,91.92,94,95.97.99.106 

alumina 45,78,84,85,86,87,105,106,156 

acetate 78 

hydrate  77 

phosphate 181 

•nlphate 76,77,94.106 

inlphite 86 
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products,  it4i. — 

'aluminium 48,84 

hydrate 58 

phosphate 131 

sulphate 58 

olnmiDO-fonic  cako 91 

am  brotte 154 

ammonia 33,44,45,60,01,02,68,73,75,90,95 

alum 75 

caustic 74 

chloride   47 

hydrochlorate 73 

hyposulphite 180 

salts 95.107,146,176 

sulphate 73.90,92,94,99,161 

ammonium- 
chloride 31, 5U 

salts 30 

sulphate 10,40 

sulphide 61 

sulpho-carbonate 61 

sulpho-cyanido 61,62 

amyl.nitrate. 157,101 

amylopsino 122 

anathorine 109 

angraocum  frogrons 120 

anhydride 31 

sulphuric 24, 25 

aniline 10 

anisato 143 

anise 109,152,154 

oil 150 

annotto   183,155 

anthracene 79, 100-100 

onthraquinono 70,101-104 

*antimony 14.54,117 

apoUofat 161,162 

aporooi-phine 129 

hydrochlorate 129 

aracMdos 124 

arbutus  uvo-ursi 162 

oreca 132 

arrowroot 129,132,133 

•arsenic 10,14,16,19,22,26,129 

orsenious acid  19,23,64 

ttseptine 152 

asparagino 142 

assafcetida 161 

atchim6 124 

atrophine 116^118,119,120 

arenine 71 

axle-greose 159 

balatagum 128,131 

barbaloin 129 

barium — 

binozide 85 

carbonate 90 

citrate..., 141 

chlorate 74,88 

chloride 74 

salts 80 

sulphide 22 

bark  extract  for  tanning 160 

*baryta 61,80,10^106^108,119 

chlorate 119 
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CHEMISTRY  AND  PHACMACY— Continued, 
products,  &o. — 

baninee  du  Salvador 15fi 

•banxite 77,70,84,M,M 

bay  rum 131 

beeewax 72, 74, 118, 131, 144, 146, 14».  151. 152. 154, 155 

benzine 72. 7<^  103, 104.  IM 

benzoic  acid 04, 87 

benzoin  resin 151 

benzophenon 85 

berberine— 

!  '•  hydrooblorate 100 

salts 167 

bergamot  oil 142 

betel  nut 132 

biliary  matter 128 

birch,  oil  of 109 

birds'  nests,  edible 151 

♦bismuth 85,86.118 

black  ash  (see  soda,  below). 

blacking  146,100 

bleaching  preparations 52, 81, 85, 99 

blende 10 

blood— 

albumen  from 150 

manure 150 

boa  constrictor,  oil  of 138 

boldo ,  130 

boracioaoid 58,60,83,80,91,92,04.130,131,152,153 

boracite 31 

borax 59,78,83,98,99,100,161 

boro-natro-calcite 59 

"boron  diamonds" 156 

bounafa  resin 125,128 

bromine 54,55,63,75,81.82,83,90,96,99 

salts 83 

buchu 132 

bunya-buny  a  gum 133 

cacao 154,155,160 

cadmium — 

iodide 118.119 

salU 85,129 

sulphate 119 

caffeine,  borate 119. 129 

calcium  142 

acetAte 73 

carbonate  48 

chloride 45,52,76,81,107 

fluoride 77 

manganite 52 

!  phosphide 86,119 

i  /-  salt 64 

I  sulpho-cj'anide 62 

•  1  sulphydrate 43 

tartrate 75 

k  camallite 31 

S  camomile  152 

iL  oil 109 

'  camphor    .. 83,99.111,120,129,161 

monobromide 99,129,157,161 

caimabine 120 

cantharidine 118 

caoutchouc 95,124,154.155 

capii-cati  root 154 

captaicine 129 
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prodacto,  8ic. — 

capsuloa 160 

carbolic  acid 129 

carbon 61 

blBQlphlde 61,79,92.03.109 

dioxide 14 

monoxide 61 

salph  ide 89 

tetrachloride 89 

cardamom 128, 151 

carouba 152 

ainip     .*. 140 

caraway  oil 109, 110 

seeds 162 

carthamus * 152 

3a8carilla\ 154 

caseine 165 

casbe  V  nuts 1 55 

oaasia 123,145,146 

castor  oil 131,142,151,154,161 

catecha 128 

cedar  resiu 154 

ceradilla ]  54 

cetylicacid 129,130 

charcoal  (as  ingredient,  not  ftiel)^ 

animal 72 

sea-weed 90 

wood 152,153 

chloral— 

alcoholate 120 

amylic 120 

ethylic 120 

hydrate 117,120 

methylic 120 

propylic 120 

chlorioalcicum 90 

chlorine 31,46.51-54.63,84,89,90.99 

chloroform 70,71,79.86.117,119,130 

chlorozone 80 

chocolate 144 

chrome 105,106,107 

sulphate 105 

chromicacid 06 

chrysophanic  acid 91. 131 

cinchona 117.123,128.132,136-138,141,154,155 

salU 117 

cinchoniciue 143 

cinchonidino   139, 143 

bibromated 143 

cinchonino 139, 143 

bibromated 143 

cinchot4>ne{ne  143 

*cinnabar 108 

cinnamic  acid 133 

cinnamon 128,132,151 

citric  acid 86.91,130,131,141 

citronella  oil .   132 

cloves — 

essence 132 

oil 71,106.107,108 

coal  (as  in^^rc'dient,  not  faol) 10,15,38,50,62 

tar 100 

coca 130, 1 54. 1 55 

cochineal 152,154.155 
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products,  &.C. — 

uocoanutoU 131,132,154,155 

codeine 119, 129 

cod-liver  oil 108.129,140-149 

coke  (OH  ingredient,  not  fuel) 17, 18. 33, 72 

colcliloa 130 

colocynth 125. 152 

colorin;;  preparations 101-105, 145^  155, 156 

colors 98 

conicinc  bromohydrato 118 

conifcrin 87, 70 

coniferyl  nlcohol -. 70, 71 

coniine 144 

copaiba  123,128,131,154,155 

copal 154 

copalcho  hark 151, 155 

*copp«r 13. 14. 15 

chloride 81 

oxalate 63 

sulphate 53. 73, 75, 95, 97, 324  note,  424, 425 

sulphido 14 

coriander 152 

cork.: 113 

oorozooil 154 

cosmulino 101, 162 

cosmolubric 162 

coto 130 

creosote 130,424,425 

oil 152 

crosol 130 

crocodile  musk 155 

cryolite 33. 77. 98 

crj'ptopino  129 

cubebs  117 

cumin 161,152 

on  of 150 

curaw 118,123 

cnmrine IIR,  130 

curcuma 155 

cyanides 38,60,62,79.87 

damlxmito 118 

datura 152 

daturine 116,118 

salts 118 

desiccated  flowers,  herbs,  etc Ill 

dextrine 107 

diamnutine 156 

diamoni lis  black,  artificial 156 

boron 156 

carbon 156 

diaetane  122 

dicodeia 129 

digitaline  . . -^ 110,119,152 

digitalis  ..  * 152 

dihndn  oil 132 

dimethyl   130 

disinfectant  H 8G 

divi-divl 164 

duboisia 130 

dye-stufffi.  wikmIs 131, 154 

t'gg",  spirit  of 131 

elaterine 119 

"elegant  pharmacy" 114,115,157.158 
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products,  &,c. — 

elixirs 168 

coca 154 

eapeptiqne 122 

epsom  salts W,  161 

ergot 125,152 

ergotine 152 

erigeroDf  oil  of 159 

erythrit 88,118 

erythruphl6ine 125 

erytbrophleum  Guinsense 124 

^serine 119,124 

salts 119 

essences — 

cinnamon 182 

cloves 182 

fruits 109,110,117.120,128 

linnloe 155 

nutmeg   182 

pHtvbouli 182 

verbena  183 

essential  oils  (9es  oils,  below). 

ether 79, 8«,  06, 110, 117 

etheriololls 109,160 

encalyptic  acid . .  .         126 

encalyptol * 126 

eucalyptus  preparations 117, 128, 131, 132, 134, 135, 146, 154 

oil    131 

engcnol 71 

extracts 112,117,129,130 

acacia  catechu 131 

baric,  for  tanning 160 

eucal.vptns 131 

bffiniatoxalon  campechianum 131 

Ucorice 142,152,160 

malt 158 

vegetable 109, 150, 155, 157 

fennel,  oil  of 109 

ferrous  snlpbate 2G 

fertilizers 29,82 

flsh-glue \ 181, 144 

flaxseed 164 

oil 152 

flowers,  flavors  and  perfumery  (torn 125 

preserved 161 

f(Bnu;?reek 152 

formates 121 

Fowne's  artificial  alkaloid 129 

fruit  essences  and  extracts  109, 110, 117, 120, 128 

furfbrine 129 

gaduine 129 

*galeua 10 

gallic  acid  85, 86,  llg 

gallium 81 

galls 162 

gambler 130 

garancine 05 

gelatine  preparations .108, 109, 130 

gelose  (ft*om  sea-weed) 145 

gelseminiu  acid    130 

gelsemiuum 133 

globertito 94 

gkiubersalts 29,31,181 

glocose 105,118 
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producta,  Sue.— 

glue 131.182.144.156 

glycecollB 130 

glycerine 09, 105, 106. 107, 108,  111,  121^  129, 130, 144, 150. 161 

glycyrrhizino 160 

gnoMopino 129 

•gold 13 

chloride 86 

green-tart  lo  oil 141 

ground-nuts 124 

guaco  154 

guoiacol 71 

goarana 130, 154 

guaranino  120 

gums 127,183,152.154 

acariodcs 133 

balAta 128,131 

bunya-buny  a 133 

gutta 151 

Senegal 124 

gutta-percha 132, 155 

hematosine 118 

hemipinio  ai-id 64 

henna 151, 153 

herapathlt-c 120 

herbs,  and  prttparations  of 109 

honey 113,131,140,152 

hops 111.112,113.152 

hydrochloric  acid 34, 36, 37. 43, 45,  r»3, 03. 64, 73, 74, 75, 70, 77, 80, 82. 84. 00, 02. 03. 05, 07, 105 

hydrocotamine 129 

hydrocyanic  acid 87 

hydrofluoric  acid 86,87 

hydrogen,  sulphurcted 10, 14^  22 

hydroruthvnic  ivcid 67 

hydrosulphurous  acid 0.25.76,105 

hyosciaminc 119 

hyxK>phosphatcs 131 

ic^a 124 

icthyocolla 153 

igasurino 120 

ihingo 125 

illuminating  oils 72. 154, 155, 160 

india-rubl>er 132 

indigo 105, 106, 107, 108, 144, 145, 151. 154, 153 

indigfitine 86, 118 

inline 125 

ink 146,153 

iodine 29, 55,  56, 75, 78, 83, 87, 88, 89, 90, 04, 97, 121, 155 

from  sea-wc«Ml 20, 55, 56, 81, 82, 83 

*iron 13,14,94,106.107 

acetate 73 

arsenate 14 

bromide 65 

chromate 06 

diaiyzed 158 

hippuratc 64 

liquor  (uhc<1  in  silk  manufiioture) 97 

Michel's  ( •'  fer  hdmatique") 121 

nitrate 74 

oxide 15,28,38,80,48,62.86.94,97 

perchlorido 64 

phosphates 121 

Querenne  s 121 

Mlti 105 
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CHEMISTKY  A^'I)  PHARMACY— Continued. 

Iirodui'tfl.  Ac. — 

iron— 

8uli>lj;it«» 11,  If).  58,  76,  U2. 94,  »7 

milphidi' 62 

pnpuiations  of,  for  painting 93 

isin;:lnH8   127 

iMtlnit>l-r«>rnii<'.  lu-id 143 

jahorundi     130,154 

Jalap    12C) 

••Jan  I  waii-r'  (fur  bleaching) 81 

JcTvia    ..     1C<) 

Jiijubo 130 

Juniiiiroil 131 

kainitc     31 

kani;liur r 119 

kokiina  oil       131 

kelp  (see,  also,  nva-wvvd,  heloto) 55, 56, 82, 83 

kiMMiritc 31 

lac  dye  . .  151 

laetat<s 121 

lav<'nil«T.  <iil    <r7 

'lead 14 

atN-r.iti- 73, 75, 100. 161 

R:ilm    80,00 

wliite 97 

leal  her-di  issini: 58, 1 09, 1 50,  lOO 

l<>eanoi  :i  i  sciilenta 126 

l.nionJniiM- 141,142,151 

•  il   131,133,142 

li'uelni'     118 

liroiinMXtraet 142,152,100 

T  oi  »t 1 52 

lime  (fniil) — 

eitrato 123 

Juiro 133 

linif  ^iniiH-ral) 10, 14. 47,  52,02,  i^8, 105, 106 

a<<taf«' 00 

bihiilphite 25. 43 

earlMHiate   94 

eaustir 29..'r7 

rhloiid.-    74,75.70.81,84,69,97,107 

hydrate      43.94 

sili<*ate 43 

liiiK-stone 46,47,84 

linaloc.  cMSi-nro 155 

liuHecd  oil 162 

li(|uidamhar 15 

1  esiii 154, 155 

lithia.eitnite 128 

lulii iratinj:  oil 72, 98, 159,  Hi0, 161, 162 

liihrieino 159 

lye    30 

mar<'  132 

njaddiT 80. 100, 110, 1 13, 151. 152 

nia;iu>-Hia 31,93 

l)iearlK)nato 94 

e4il<-iiK-d 91 

earlionatc 91,94 

citrate 142 

hydi  ate 94 

li  \  di-ocarlmnato 94 

milta 75 

Hulphato 73,84.04 

33  p  R— VOL  4 
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CHEMISTRY  AND  PHARMACY— Continued. 
productR,  &c. — 
majrm'siuni — 

cakinod 76 

carbonaU"   "iS,  M 

chlurido 108 

oxiilate 83 

plHtiu(v<!ynnide 67 

regonerated •. 84 

8uIphiito »o,  96 

mallows 151 

malt 110 

extract 153 

preparations 158 

*man<;une80 3fl,  90 

borate .". 83 

oxido 79,80,90.96,97 

peroxide 52, 53, 54, 88 

rcpcncrate«l 156 

manua 142, 151 

mannito 118,142 

mat6 154 

matico 151 

me<'uuino 118, 129, 130 

mecouoiosino 129 

mcuispemilne 119 

*niercury 75, 129 

salta ...      74,75 

metliyl-protocatcchuic  aldehyde 70, 71 

metliyl-pyrocattKibiu 71 

niiiRial  watcra  94,111,114,132,149,151,155,159 

mint  oil  of 150,159 

morln^  pttTygosperma,  oil  of 131 

mori>liia 100, 161 

salU 100,161 

mor])biiio 129 

8alt« V • 119 

musk 145,146 

crocodilo 155 

mastard,  oil  of 109,152 

myopsiue J20 

naca^cola  bark 155 

naucito  bark 155 

*napbtha 72 

napbtbuline 130,142 

t<;tnicblorldo 130 

narcc'inu 115, 129 

norcotino 130 

nardoil 131 

nataluin 129 

*nickfl— 

oxide 106 

sulphate 87 

niter 28 

nitric  acid 15, 16, 23, 20, 27, 63, 73, 74, 75, 70, 77, 79, 82, 87, 92, 0.'J.  r:..  OG,  97, 101, 104, 140 

nitro-alizarino ...  104, 105 

nitro-bouzino 76 

nitro;;fu 18 

nltro-^lycerino 16,153 

nor-uarcotine 130 

nut;;ulls 151 

nutiuc'^ 132 

^il»— 

anucardium  occidcntale 131 

boa  constrictor 123 
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CHE^nSTRT  A^T)  PHARMACT— Continnod. 
products,  &,€.. — 
oil»- 

castor 131,149.151,154,101 

cocoanat 131,132,154,155 

dHllivor 108,129,146-140 

contzo 154 

crooaot*' 152 

eaeential    109,110,115,110,128,129,132,157,150 

nnUo 109,150 

bor};nmot 142 

bircli 109 

oamumilo 109 

carrawtty 109, 110 

citronella 132 

cloves 71,100,107,108 

cnniln 150 

dihiulu 132 

orlgiTon 159 

cnciily  ptus 131 

fennel 109 

Janiper 131 

kekuua 132 

lavender 07 

lemou 131,133 

mint 150,159 

muHtard 109 

nard 131 

ono<laphne  opifera 128 

oranj;o 131. 13J 

flowers 150 

orris 110 

I)ef)permiut 110,159 

p«*t  it-;rraiu 15D 

pimento 71,131 

riciuus 132 

ros<*s 110 

sassaflms 1 59 

speumilnt 159 

tanzy 15'J 

verbena 131 

wonuwotNl  159 

cthcrial 109,150 

popiM»niiint ir»0 

mustard 150 

flaxHwd     152 

gn'en  turtle 141 

illumlmitins 72.154,155,100,244 

linseed 162 

lubrieatin^ 72,159, 160 

aiM>llofat 161,162 

coHUioliuo    162 

cosniolultric 101, 162 

seN%'in;4-niacliine 9H,  161 

raailiue 159 

morin^a  ptery^OHiterma 131 

olive 71,70,113.13:1,149,152 

pulmi  ohriHti 15S 

•  l»el  ruliMiiii 08, 161 

potn>  (wild  b  rse)    154 

okanya;;o 124 

ob-ic  aeiil 120 

olive  oU 71,79,113,133,149,152 

ono<lapbne  opil'era,  essc'iitial  oil  of 128 

opiauicacid 130 


I*'*' 
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CHEMISTRY  AND  FHASMACY—Continaed. 
products,  &c. — 

opium 129.145,151,182 

preparations  of— 

alkaloid,  Fowne's 129 

apomorphine 129 

caffeine 12i» 

codeine 129 

oryptopine 129 

di-,  tri-,  tetra-oodeia 1*29 

forf urine,  nitrate 129 

gnoscopino 129 

hydrocotamine 129 

meoonine 129 

meconoisine 129 

morphine 129 

narceine 129 

narcotine 180 

nor-narcotine 130 

opianic  acid 130 

oxy  narcotine 129 

thobaino 129 

thoobolactic  acid 129 

orange — 

flower  perfumes 145^  146 

saccharate 146 

oil  of 131,138.150 

peel 155 

tree  bark 155 

orrisoil 116 

perfumes  145 

osmic  acid 67, 86 

onrenuo 124 

oxyantbraceno 101 

oxynarcotino 129 

paint,  iron  pn-parations  for 93 

*  palladium,  chloride 86 

palm i  Christ!  oil 155 

pancreatine 122 

paracotine 119 

parafline 72, 116 

pareira  brava 123 

patchouli 132 

pearlash 29 

pellitory ...-         Ii5 

p«.ntylic  acid 143 

pepper 131,132,151 

peppermint,  oil  of 116, 159 

pepsin '. 120,121,122,131 

saccharated 158 

peptones 122,123,140,141 

perfumes 98,110,115,116,127,131,146,140,152,153,100 

cassia 145^  146 

musk 145 

oran  j;o  flowers 145, 146 

orris 145 

tonqua 145, 146 

petit-jjnr<iiQi  oil  of 159 

phenol 70, 71, 76.  U7, 131 

'phosphates 76 

phosphorus 14, 91 

pills 131 

photographer's  materials 85, 116 

phthnllic  anhydride 110,120 

phyaostlgma 124 


INDEX.  517 

Page. 
CHEMISTKY  AND  PHARMACY— Continaed. 
productA,  &o. — 

pUla 10ft,  117, 120, 130, 181, 158, 159 

sagar-coated    157.J58 

pilocarpine ..: 116,120.130 

salt* 120,130 

pimiasta 154 

piper  metbysticum : 127 

pistachio  nuU I.')] ,  1 52 

pituri i:W 

plasters 160 

*  platinum  («e«,  also^  Metal-worklng)^ 

bichloride C7 

chloride 07.  «7 

cy  an  ide 8(5, 1 1 9 

potash 73, 74, 77. 82,  J^3,  UC 

from  beet-root  sugar  residues 28,30 

sea-weed 29,48.78 

bicarbonate 93 

bichromate 107 

caustic 63,79 

chlorate 74,90 

chromate 95 

citrate 128 

nitrate  (saltpeter) 28.73.75 

prussiAte 73,75,91,09,101 

sulpho-carbooate 83, 89 

xanthate K9 

potossa— 

chlorate 86,1(»4 

bichromate 79,95.101,102 

permanganate 85,121 

sulphate 82,102 

potassium — 

arseniate ". 73 

bichromate 73 

brondde 81,82,83,90,100.161 

carbonate 31,83 

chlorate 81,82 

chloride 29,30,81,33,74,82,83,84,00 

cyanide 79,87 

forro^:yanide 81,107,108 

iodide 14, 81, 8:j,  90.  lOO 

nitrate  (salti»et4*r) 82. 88 

oxalate 03 

pruasiatu 01,87 

salts 28,29,33,79,83,84 

from  Stasafurth  deposits 28, 29, 30-32 

suintofwool 29,75,83 

sulphate 31,02,79,82.83 

sulphide 83 

sulpho-cyanide 82 

tartrate 74 

potro  (wild  horse),  oil  of 150 

IMwdera,  bleaching 51-54. 99 

explosive 153 

modicinul 117.158 

purpurine 106 

•pyrites 9, 13, 14, 15, 19, 22, 74, 80, 81, 84, 88, 92. 04, 05. 96 

pyrogallio  acid tHi,  100 

quassia 123. 133 

quebracha  resin 154 

quina  du  Salvador 155 

quinetum 139. 140 

qninio  acid 143 


518  INDEX. 


CHE^nSTRY  AND  PHARMACY— Cuntinaed. 
prodacU.  Sec. — 

qainidine 139 

quinine 117.120,138 

anethol 143 

bisolphate 142 

bromated 143 

chloro-phenate 143 

citrate 141 

dihydroxyl 143 

ferro-cyanide 142 

phenol-hydroohlorate 143 

aalphato 143 

sulpbonate 143 

salts 117.142,143 

sulphate 141,142 

sulpbo-pbenate 143 

tannate 144 

valerianate 100.141.143 

quinone 102,103 

quinonic  acid 143 

racemic  acid 120 

reng 151 

resin 113,127,166 

benzoin 151 

bounafa,  orthapsia 125,126 

liquidambar 154^155 

qnebracha 154 

soammony 116^120 

*rbodiiuD,  sodicMsbloride 07 

rhubarb 155 

ricinuB,  oil  of 132 

rose,  oil  of 116 

water 101 

rubidium 83 

saffron 151,152,155 

sago 132 

salicyUoacld 25,70,121 

*sult8  (M0,  alto,  Stassforth  deposits,  beUno) 13, 14, 30, 34, 85, 46, 47, 78, 70, 80, 84, 88, 90, 01, 06, 67 

ammonium 80, 85, 107, 140, 175 

atrophino 118 

barium 80 

berberine 157 

bromine 82 

calcium 64 

cinchona 117 

daturine 118 

epsom 09,161 

esserine HO 

glauber 29,81,131 

iodine 75,82 

iron 105 

lead 80,96 

magnesia 75 

mercury 74^  75 

morphia 100,161 

morphine 119 

potash 28,29,30-82,83.75,79,83,84 

quinine 117,142,143 

sea-water 75 

soda 80,81 

thaUium 85 

tin 74,75,87,96,97,105 

trimethylamine 80 

oraniam 76,85 

Taaadiom 75 
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CHEMISTRY  AND  PHABMACY— Contlnaed. 
produc-tB,  Sec. — 

soltpotor 22, 2«,  28, 70, 78, 88,  W,  98,97,90,101 

MDfUiI-'woml 127 

santonino 144 

■amu'enia 124 

Mranpnrilla 154,155 

sassafraH,  oil  of 150 

aaray  bark 125 

satin-white  (fh>m  iMurlnm) 00 

soamiDony    110,120 

aea-wwd 29,55,50,81,82.83,145 

a^l>a«tiD(>  (oxploeiTe) 153 

Mrlcnium 18,81.07 

Senegal,  i;um 124 

senna 133,152 

silica       10.43 

silicates 04 

silicic  arid    45,51 

silicon 110 

•sUvor 13,14 

from  pyrites  residues 7;" 

iodide 14 

nitrate 86 

•imarouba 123,154 

soap 08,100,110,111.131,154,100 

soculoin 129 

soda 14,32-51,73,14,70,77,78,79,80,81,84,87,88,80,00,05,00,98,99 

nat  ural 33, 90, 90 

from  Greenland  cryolite 33, 77, 90 

ammonia 44-50, 70 

anthro(iuino-mono8uIphite   103 

ash 9,90,07 

birarl)onate 73,74,93 

bisnlphaie    10,47 

black  ash 89,90 

calcined 73, 74 

carlx.nate 45, 74, 70, 83, 102 

canstic 45,51,83,73,74,80,89,90,90,104 

crude 37-39 

cr>Hlala.. 45,73,74,80,80,97 

hypopliusphate 76 

hyi)08ulphite 73, 74 

lye.    39,73,103 

nitrate 15,10,27,55,73.74.88,97,155 

phosphate    70,01,107,131 

salts 80,81 

stai)nat« 01,107 

sulphate  83-37,73,74,75,70,89,90,91,92.93.90,07,10:1 

Hulphydrate 70 

sodium 08, 84 

acetate 7:i 

biHulphato 22,23,24,20 

carbonate 48,67 

chloride 27,30,33,84,30,48,07,82,83 

fem>-cyanido -   •  3S 

hydrosulphite 25,26 

by  poniilphite 22 

oitrate 15,10,20,27,28,45,55,97,155 

nitro-pmsside 121 

silicate .-  51 

sulphate 10.14,15.22.24,30,33,34,39,61,80,81,84,80 

anhydrous 29,31,70 

sulphide 14,74 

tartrato 74 
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CHEMISTRY  AND  rUARMACY-Continned. 
prodacts,  &c.— 

sixmnniiit,  oil  of ISO 

sponges 113,126 

squills 125 

starch 155 

Stassfurtli  deposits 28,29.30,64 

bromlum 54 

potassium  salts 28^20,30-32 

stcoopsine 1112 

steurlo  acid 129 

stearine 92,14« 

strontia 106,108 

stropliantiiio 124 

strophantiH  hispidus ' 124 

strychnine  100.120.101 

suet,  vegetable IM 

sulpho-cyanide « 38 

Bulpholeic  acid 106 

♦sulphur 9, 10, 14, 15, 22, 38, 43. 51. 69, 74, 76. 76, 78, 79, 80, 92, 93, 94, 05, 07. 98,146 

chloride 79,89.91.96 

rogenerate<l 38,43,74.80,84,90 

preparations  for  destroying  the  phylloxera 7S,  7u,  82 

sulphuric  acid 9-26, 84, 36, 43, 46, 64. 68, 61, 63, 73, 74. 75, 76, 77, 70, 80. 81, 82, 80, 87, 90. 92. 93. 94. 

96, 96, 97, 98, 102, 103, 105, 106, 110, 146, 152 

fuming  (Noi-dhausen) 22,24,73,103 

anhydride 23,24,25,36,39,51 

sumac 152 

superphosphates 67,74,77,79,80,81,86,92,94,96 

tachyhydrito 81 

tamarinds 151 

tanbavk 113,127,144,152,154.165 

ext  ract  of 160 

tannin 86,117,119,128 

tanzy  oil 159 

tapioca 132,133 

tar 152 

tartar 144 

cream  of 75, 76;  92, 96, 97, 142. 144, 152 

emetic 119 

tartaric  acid 64,73,74,75,79,92,144 

tetrac<Mleia 129 

thallium    144 

suits 85 

thao 127,145 

thapMia  irain 125, 126 

silphium 125 

thrbainn 119 

hydi-ochlorato 129 

thcnardiilc 29 

theobolactio  acid 129 

*tin 106 

saltsof   74,75,87,06,97,105 

tinctorial  Hubstauces  4,144 

tobacco 151 

toilet  articlos 109,110.111.114,115.116.100 

tonqua  beans 123,127,128,145,146,164 

tnco<I(-i:i 129 

trimcthyluiv  tic  acid 143 

trimethy  limine  salts 30 

triphenylnuithan 8.'> 

turi>oiitiu«- 153;  159 

pitch   110 

turtle,  gro*«n,  oil  of 141 

tyrosine 118 
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CHEMISTRY  AND  PHARMACY-<7onti]iaed. 
productA,  Sec. — 

*ui-auium  oalts 7 '»,  85 

uri«i 85 

valeriitn 143 

valc'ii;uiio  acid '. 131,143 

vunadium  siiUm 75 

vanilla 87, 89, 123, 124, 126, 127, 128, 132. 111.154.155 

aitiflciul 6&-71 

vauiliic  arid 70 

vauillino 70,rj;>,141 

vurtch  (CM,  alto,  8oa-we«d,  above) 81,82 

vamiHli IGO 

va»elino 11(>,  101.102 

verbeDft  oAwtnce .• 133 

oil  131 

verniiliou 129,  :30,3u4 

rettivcr  124 

yinegar — 132 

WtKKl 152 

vitivert 128,155 

wax,  bees' 72,74,113,131,144,145,149.151,154,155,150 

vegetable 155 

winea 132,133,149,151,152 

woad 113,152 

wormwood,  oil  of * 159 

wourali  poison 128,131 

ylang-ylung 132 

*«iin'. 26, 38, 58,  WJ,  105, 107 

bichloride 425 

blende 10,12 

chloride 07 

nitrate 74 

snlphate 10, 15, 58, 74, 87 

prices  and  quality  uf  products  affected  by  competition 3, 4 

price  of  alizarine  blue 107 

ammonia-^uda 46 

sulphuric  acid 22 

sulphur,  regenerated 43 

zinc,  sulphate 58 

pric^  lowered — 

of  borax  and  boric  compounds 59 

bromine 54,55 

sodium 60 

prioen  lowered  and  quality  improved — 

of  drugs  in  "elegant  pharmacy" 114, 115 

potassium,  chloride 29 

sulphuric  ucid,  fuming  (Nonlhauscn) 25 

tiuctorL'il  substances 4, 101 

alizarine 104 

anthracene 104 

prices  raised — 

of  potassa,  bichromate 104 

sodium,  nitrate  (firom  government  monopoly  ot  the  manufitcture) 28 

experiments  and  writings  referred  to— 

value  t)f 4 

by  American  Pharmaceutical  Association 115, 15^S 

Armsby 57 

Bcchi    Gl 

Bontley VMA'.io 

Bode 17 

Chovreul 29 

Davis 19 

DefrcHue 122 

Dellemptinne 17,19 
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CIIEAUSTRY  AND  PHARMACY— Continiied. 
cxperinionts  aud  writings  referred  to- 
by Do  Yon;; 147 

Dioulafoit fifltW 

Erleumeyer 57 

FavHi 22 

IIi>unin;;cr 122»123 

Hofmonn 15^29 

Hurler 17,18,51 

Jolly 12J 

Kolb 67 

"  London  Plnirmacentical  Jonnud  and  TnuuaotioDS  " 115 

Lunge 15,17.18 

Pfoiffor 31 

Scbenror-Keatner     21 

Tbolozan 151 

Thorn C8 

Vauquc-lin 29 

Von»tcr 17, 18 

fuel  U8e<l  in  inauufacturo — 

ooal  22,35,48,47,70,78,80,82,84,88,02,94,05.96,97 

coke 33,40,47 

exp<Mlh-nta  to  eciinomixe 19, 20, 23,  ?6, 32, 35, 37, 39, 49^  90 

operatives— 

nuniboi*  employed 74, 70, 77, 78, 81, 82, 83, 84, 86, 88, 90, 92, 03, 95, 90, 07, 09, 109, 110, 120, 150 

work  purforaicd  by 47 

wap;o8 88 

cxpLMlicnts  I0  economize  labor  23, 32, 36, 30, 48, 78, 89 

women  as 96 

Cbesebrou;;!!  ^Lanufucturin;;  Company  (New  York  City),  vaseline  from  petroleum 161,  IG 

Cbessy  (Franeo) — 

cbeniieal  industry — 

1)^  rites 81 

Cbe»U»r  (I^u^lund) — 

maohiuury  ni:uiutacturc — 

bydriuilic  uiacbinery 396 

Hccnmulutors 398 

pumps 396 

rivet«-rs 398 

Chevalier,  E.  (Paris,  Franci'),  family  railway  carriage    447 

Chuvreul,  ]Mlchel  Eu;:6uc  (Paris,  France),  extraction  of  potassium  salts  from  auiut  of  wool 29 

cniLi— 

ClIEMIbTUr  AM)  PnXUMACY- 

materiulH — 

Imro-uatro-calcite 59 

Kaltpeter 22,20^28 

bodium — 

uitnite 26y27 

MlNU((<  INDL'STUIXS— 
coul — 

imports  from  Great  Britain 215, 226 

oo])pci- — 

uxiKirts  to  France 175 

Great  Britain 213,215.222 

silver — 

])rotluction 173 

tin— 

cxiiorts  to  Great  Britain    212, 221 

CIIIXA— 

CriEMlATUY  AND  PHAIUIACY— 

exhibit lU,  112, 157 

cxhibitorH,  number  of 7 

awards,  number  of 7 
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GHIXA—Coiitliiaed. 

ClUMIBTBT  AND  PlIAUlfACT— 

medicamentii  used 111,112 

chiefly  vegetable  (000  shown) 111,112 

extraordinary  animal  preparations 112 

MiKINO  INDUSTIUEB— 

imports — 

load  from  Great  Britain 205,213,223 

gold  and  silver  fh)m  United  States 348,350 

machinery,  appliances,  etc.— 

tflijam,  boring  apparatus 341 

tin-smelting  furnace 342 

coal,  vcryuucicnt  use  of  (1000  B.  C.) 270 

Chinese  miners  employed  in  Malacca 212 

Dutch  East  Indies 340, 342, 343, 344 

Banca 342 

Billiton 343 

Sumatra 344 

United  SUtea 349 

Chiris,  A.  (Grasso,  Franco),  perfumes,  i»omades 115,110 

Christianla  (Xorway) — 
chemical  industry — 

nitricacid  05 

sulphuric  acid 05 

cod-liver  oil 146, 147 

Christiansund  (Nor\ruy) — 
chemical  industry — 

ciHl-liver  oil     146 

Chromium  {tee  ChemlHtry ;  aUo^  Mining). 
Church  (Euuland) — 
chemical  industry — 

curbulioaoid 130 

phenol. 130 

(.Cinnabar  (tee  Mining). 
Cirey  (Fiance) — 

chemical  industry — 

alum 81 

potash 81 

soda 81 

sulphuric  acid 81 

glass  mauufacturo 81 

Civita  Vecchia  (Italy)— 
chemical  iudustry — 

alum 04 

alumin:!,  su1i>hate 04 

Clarke,  IJev.  W.  B.— 

writings  cm  gold  deposits  in  Australia,  cit«d 229, 230, 237 

"MinesandMineralSUtisticaofXew  South  Wales" 230,231,245 

"Progress  of  Gold  Discovery  in  Austrahiaia  from  1860  to  1171" 230 

rediscovered  gold  in  Australia  (1841) 231 

pre«ll(te«l  deposit i« of  tin  (1853) 237 

cstinmte  of  coal  deposits,  Australia 242 

on  deposits  of  quicksilver 245, 246 

Classification  of  Exhibits,  Paris  Exposition,  1878— 

Fifth  Gioup  (us  to  Chemiatr>'  and  Pharmacy) 2 

(OS  to  Mining  and  Metallurgy) 104 

Sixth  Group  (as  to  Steam  and  Gas  Engines  and  Machinery) S64 

(as  to  Railway  Apparatus) 418 

Claudet,  F.,  investigations  of  iron  ore 190 

process  of  gold  and  silver  extraction  trom  pyrites 14, 207  2U0 

Claus  Sc  Wallace,  ammonia>soda  manufacturing  process 49, 50 

process  for  purifying  illuminating  gas 50 

Clay  («M  Mining). 
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Clermont-Ferrand  (i  ranoe)— 
chemical  industry — 

bydi-ofluoric  acid 86 

potasso,  chlorate 88 

sulphui'ic  :icid  condenaing  apparatus 86 

superphosphates 86 

Clermont  Fils,  Lcniaire,  &,  lisciher  (Franco),  optical  instruments  mounted  in  aluminium 85 

"Cleveland  district"  (England)— 
mining  indubtiy — 

pig-iron,  prices 106,197,200.201,207.210,217 

iion-stouo,  yield  of  iron  ttoixx 199  note 

CLOCKS  ANIi  WATCHES- 

KicroiiroK  "Clocks  and  Watchkb,"  by  EuwabdH.  Kmgut,  LL.D 403-415 

exhibits 405-407 

clocks — 

exhibits 406 

traveling 406 

for  chui-ehes,  towors,  etc  406 

to  run  a  month 406 

>ear 406 

flftyyears  406 

a  thousand  years 406 

not  actually  tested 406 

propelled  by  water 406 

electricity ...  406 

moving  orreries 406 

pneumatic 406 

decimally  divided 406 

watches- 
collective  exhibit,  by  France 405, 406^  407 

Switxerlaad 405,406 

uo  exhibit  of  machinery  («e0,  oJM,  Machinery :  watoh-maUng) 405, 406 

no tost^ made  by Xntemational  Jury 411,4I*J 

having  various  functions 407 

telling  days  of  the  week  and  month 407 

showing  changes  of  the  moon *. 407 

giving  alarms 407 

showing  difference  of  time  at  various  points 407 

htriking  the  hours 407 

small  407 

constructed  of  rock-crystal 407 

machiuo  system  of  m:inufacture— 

origin  and  growth  of,  in  United  States 400-411 

imitated,  feebly,  in  France 408,409,412 

Switzerhind 408,409,413 

n(»t  used  in  England 408 

advantages  of— 

iuterchangcable  ports 408, 409 

Hiiperior  workmanship 408, 409, 411 

(;heapnos8 40«i,  411 

iuciv^ised  production  411 

recent  improvements — 

Woci-d's  compensating  balance  412-414 

micromi-ters 414 

Cloez,  cuculNpto],  antiseptic  preparation 134 

Clwydd  {ace  VuKof  Civvy  dd.  X«w  South  Wales). 

Coal  («('<;  Chemistry :  mati-rials;  aUo,  Fuel;  ai«o.  Mining). 

Coal-t-iir,  proiluctiou  of  authr.ieene  and  alizai  ino  from Uio 

Cobalt  {tux  Miuiug). 

Cochin-China  (^<•o Franco:  colonies). 

Cockciill  (John)  Society  (Seraiug,  I»elgiuni),  iron  and  steel  products 282, 42U 

built  first  heavy  rotar>'  pumping  engine  (18G7) 285 

manufactures  in  steel 42u 

Coffee,  tliir  i'atgia  oeculcntalia  of  Martinique  a  substitute  for 123 

Coke  (set  Chemistry:  materials;  aUo,  Fuel). 
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Collet,  A.  (France),  chemical  balances  made  of  altiminiam 85 

CoUmann,  A.  (Vit^nna,  Anstxia),  variable  exhaust  steam-engine 372-375 

perspective  view 373* 

transvoim^  section 374* 

Collodion  (see  Mining). 

Colorado  (see  United  States). 

Columbia,  District  of  (tee  United  States). 

Commission  du  Mitre  (F^rance),  preparation  of  standanl  measures  of  platinum  and  iridium  ...  68 

Como  (Italy  )— 

mining  industry — 

iron  308 

Compagnio  Continentale  d*Exploitation  des  Locomotives  sans  Foyers  (Paris,  France),  flrelctss 

engines  and  cars  for  street-railways 4C2-4C6 

illustration  of  465* 

Compagnie  do  la  Fabrique  de  Tentelevo  (Saint  Petersburg,  Russia),  aoids,  salts,  sulphates 05 

Compagnie  des  Fonderies  et  Forges  de  Terre  Koiro,  Lavouelte,  et  Bess6ges  (France>,  mo<lpls  of 

their  mines  and  works 187, 188 

Compagnie  des  Mines  d' Anzin  (France),  works  of 177, 182, 183 

exhibit 182, 183 

model  of  the  works 182, 183 

provision  for  the  welfStre  of  operatives 183 

Compagnie  des  Salines  du  Midi  (Montpcllier,  France),  magnesia^  salts 70 

Compagnie  G<^n6ralo  des  Omnibus  do  Paris  (France),  style  of  street-railway  cars  used  by 450^61 

Compagnie  G6n6rale  des  Produits  Cbimiques  du  Midi  (Marseilles,  France),  soda,  manganese  . .  70 

Compagnie  Parisicnno  de  Chauflhge  et  d'^dairage  par  le  Gas  (Paris^  France).  Otto's  silent  gas- 

engino 384, 385 

Competition  (see  Protective  legislation). 
Comstock  Lode,  Nevada — 
mining  industry — 

gold 352,355,300 

silver 357,358,360 

Congress  of  Unite<l  States  («m  United  States). 

Ooniferin  (see,  abo,  Chemistry:  manufactures:  flavoring  extracts;  oJM,  Forestry )— 

deflnitionof 69 

Connecticut  (see  United  States). 

Consorzio  dcUo  Saline  di  Pirano  (Istria,  Austria),  chemical  products,  salts,  bromine,  soda,  etc. .  75 

Constantia  (Cape  of  Good  Hope) — 

marshes  dried  up  and  miasma  and  fevers  dispelled  by  planting  Euealyptut  globulus . .  134 

Constantino,  a  department  of  Algeria  («M  France:  colonies:  Algeria). 
Constantinople  (Turkey) — 
chemical  industry — 

borax 50 

Conti,  A.  (Castrocaro,  Florence,  Italy),  iodides,  bromides    04 

Coorg  (British  India)— 
forestry — 

cinchona  cultivation 138 

Conquet  (Finistdre,  France) — 
chemical  industry — 

bromine 81 

iodine 81 

potassium,  bromide 81 

chloride 82 

iodide 81 

nitrate 82 

sulphate 82 

Copenhagen  (Denmark) — 
chemical  industry — 

soda  from  cryolite 77 

Copper  (see  Metal- working:  al»o,  Mining). 
Corbehem  (France) — 
chemical  industry — 

potash  from  beet-root  sugar  residues 83 

rubidium  fhnn  the  same •     83 
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GordclLi,  \..h'\H''La  ariceiitrUBapportG4ologiqrie$tMifUiralogiqu4,"  citod 232 

"Z^cLauriuTii,"  cited 332, 304, 33.%  336 

un-Iuciilu;;ic'al  uiining  modeU,  exhibited 339 

CordoUn,  A.  (ZcpbyriA,  Greeco).  alum 91 

Cordova,  proviiu-o  of  (Spain) — 
miuiiiu  iuduHtry — 

cua  1 314 

Corfu  (Greofo)— 

cbeiuical  ludnHrry — 

suit 91 

Cork  (Treland)— 

chemical  industry — 

ma^uoHia,  ralcined 91 

vi\  rbonate. 91 

Corliss,  Crour^io  II.  (Pruvidonce,  R.  I.),  steam-engine  inventor  and  boilder — 

his  pattei-us  a<I<)pted  by  other  builders 305, 366. 3C7, 377, 380 

in  I-'rauco 367,380 

Switzerland  377 

his  val vi8  adopted 367,  ZGS, 372 

Com^liH,  A.  (I yivst,  UQls'iiim),  desiccating  bottles,  pharmaceutical  preparations Ill 

Comet,  writiii^rt  <:ii  the  mineral  Industry  of  Belgium,  cited 272 

Comtrall,  Ku^hind— 
miuiii^  miltiHtry — 

copper 203 

tin 230,237,;i40 

Correy,  variable  cut-off  371 

ConiUet  (Uilsiuui)— 
cb<mii(-al  industry — 

soda 461,76 

hydrochloric  acid 76 

Court,  J.  {(I  ra.s.se.  Frnuce),  perfbmes,  pomades 112. 116 

Cousin  ( Fraru'v),  8:ifi'ty  hoist  ing  apparatus  for  mines  1><3,  IbS,  IWJ 

Crafl.>*,  J.  M.  ((.:anil)i'id:;e,  Mass.)  Sc.  Friedel,  C.  (P:iris,  France),  method  of  preparing  triphcnyl- 

methnu  and  bi-iizoplu-non >So 

Creuzot  (Saom'cl-L,<iirc,  France) — 
maiiuf:u.'tiin>»-^ 

iron  :nid  ste<"l 420, 434 

Htnl  rails 420 

railway  apparatus — 

lorontotives 434,435 

Creuzot  (Frinn-)  Stei'l  Works  {see  Sclmeider  &Cu.). 

Cros,  IJ.  (Ninlioinu',  France),  Bulphur 78 

CroAs,  KoluTt ,  MHHiHted  in  introducing  cinchona  cultivation  in  India 137. 138 

Cuba  {ere  Sp:iin:  colonies). 

Cudgej^oiiu  Itivrr  (Now  South  Wales,  Australia)— 
mining  imlimtry — 

cinujibar    245,246 

Daguestan  ((yaucnsiiH,  Russia) — 
minin>;  imlustry — 

Hulplnir 260 

Dakota  {ece  Uniti'd  States). 

Dnnuwe  A:  (.'»>.  (l*ari«,  Franco),  vcpetablo  extracts 117 

Daubiu  (I*ari.H,  I-'ranci:),  method  of  producing  benzoic  acid 64 

exliiliit  of  flu*  Hame 87 

David  &,  <.'o.  ( MoUislit*r,  Belgium).  s«m1:i,  s.alts,  etc 76 

Davids.  J.  (TorMufo,  Canada),  chemicid  pnxlucts 77, 112 

Davirt,  cNpcnnnutH  in  sulphnrio  acid  manuf;u:turo VJ 

Davis,  K..  ])i-oct'H.<4  of  manufacturing  soda  and  suiH>rphosphatcs .V^ 

Day,  Dr.  ((ji'dou;:,  Victoria,  Australia),  disinfectant  preparation  of  turpentine,  benzine,  and  oil 

ofvfrlH'Ui     131 

Day.  A  U!)t  i  u  ( i .  (Xe w  York  City),  kerito  insulated  telegraph  wire  and  cables 1C2 

Deacon,  Henry  ( Wiilnen,  England),  ammonia-soda  manufacturing  process 44 

DejUMm  &  Iliii-ter,  thlorine  manufacturing  process 52»53.54 

Di:bray  (  1'V.iucl'),  investigation  of  the  properties  of  platinum 65 
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D«cauvi11o  aln6  (Pctit-Bourg.  Seinc-ct-OiAe,  Franco),  iron  portable  tramway,  for  mincH.  farma, 

fiactoriea,  etc 457-460 

illustmtiousof 457*-lC0* 

rail 457- 

Joint 457* 

rail  \\  iib  rare,  for  mines  and  quarries 45H* 

car,  f<»r  miu«'» 459* 

tramway  in  operation  on  sugar  plantat ion 400* 

Decize  (Fnince) — 

early  coal-miuinj;; 17(J 

D6clat  &  To.  (PariH,  France),  phenol  for  bypo<lermio  use 117 

Decle  A:  Co.  (Ilocouii,  lYanoe),  alcohol,  salts,  potash,  soda 83 

De  Dienb«.iin-I>nK-ho(;ki  (Boulo;;De,  France),  sulphite  of  alumina,  disinfectants,  cldoroztme ISG 

Defresne  (Pai  is,  Fnince),  t  beories  of  digestive  principles liTJ 

D©  GonMillici-,  piocesH  of  mannfacturiug  potassium  carbonate? 31 

Be  Groat  &  ('o.  t  Anii^tenlam,  Ncthcrbinds),  vanilla,  vanillin,  cinchona 141 

DeGroot,  CoiiK-liiiH,  cbi«-f  of  Department  of  Mines,  Dut<:h  East  Indies— 

aci-ount  of  miuing  industries  in  Banca,  BilHton,  etc.,  cited 340-343 

discov.nd  tin  deporiits in  Billiton  (1851) 343 

DeGrousillivi-rt  (rtermauy),  ammonia-swla  manufacturing  process  4S 

De  Hemptiune.  annular  fumac«  for  burning  pyrit»'S  10 

vitriol  chamber 10, 17 

method  of  concentrating  sulphuric  acid 10 

Deiss  6c  Fils  (Paris,  France) — 

appaiatus  for  e.xtracting  oil  from  residues  of  olive  presses,  C4indle  factories,  rtc 78,  71) 

sulphur,  bisulphide  of  c^irbon,  etc 7H 

Deiss,  E.  (I'ariM,  I-Yiince),  method  of  manufacturing  bisulpbidu  of  carbon  for  destruction  of 

the  phylloxoni 70 

Do  Lagiinle,  Denis,  statistics  of  Spanish  mining  industries 313 

De  Lain*  4o  Co.  ( Frau<:<'),  vanillin    120 

Delaistif,  diivotor  of  AVestem  Railway  (Company  «if  France 431 

De  LanliTil.  I'ramis  (I^'ghom,  Italy),  boracio  acid 9-t 

Dclawan-"  {vetf  Tnited  Stati's). 

Dflcambre,  Isiiloni  ( Paris,  France),  type-<'ompo8ing  machine .'^03 

Dit  ri^clii.so-Tr6vo6dal  Fr^res  (Audi^me,  Finisl^re,  France),  iodine  from  sea-weed,  potash, 

bromuie,  «to        8J 

Delganlo,  Ni-iy  (Portugal),  geological  investigations S'J'J,  323 

Dellamoro  (X. )  &■  Co.  (Cescna,  Italy),  sulphur  03 

Del  Mar,  A,  bin  •'  Ui  port  on  Silver  PnKluction  in  the  United  States  "  cited 345, 358.  r»9,  300 

Delpeeh  (Parin.  I 'ranee),  preparations  of  cubobs  and  eucalyptus 117 

Do  Luca,  Prof.  S.  (II«jyal  University,  Naples,  Italy),  munuito  from  the  olive,  cream  of  tartiir  fr<»m 

theuiyrtli- 142 

Demartini.  J.  (rr.ijjuc,  Bohemia,  Austria),  wax,  fats,  rose-water 11  o 

DeMilly.  A.  (Vimua,  Austria),  manufiicturo  of  glyc-erlne Ill 

Demoutirt,  Quin(->tsrn,  &,  Le  Brun  (Paris,  Franc^O»  platinum  stills  and  technical  objects,  osmium, 

palladium,  i  ut hcuiiim,  osraium-iridium    87 

Do  Mortie  (M.)  Si  Co.  ( Burkeville,  Va.),  oil  of  sassafhis ir>0 

DENMARLl  (nee,  aUo,  Amak,  Copenhagen) — 
CiiEMisTUY  A.\i)  Pharmacy— 

exhibit 77.112 

exhibitors,  number  of 7 

awards,  number  of 7 

manufactures — 

alumina,  hydrate 77 

sulphate 77 

calcium,  fluoride 77 

potash  from  kelp 48 

saltpeter 28 

soda  fi-om  Greenland  cryolito 33, 77 

by  ammonia  process 4G,  48 

sulphuric  arid 77 

superpliosphHt«s 77 

operali ves,  number  employed 77 

imports,  cryolite  from  Greenland 33, 77 
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DENM  A  KK— Continued. 
Clocks  and  WAXciiEfr— 

exhibit 40ft 

MAcniNRitY  (iucliiiling  tool8,  implementa,  appliMice«,  processes) — 
L'bi-micnl8 — 

soda  manufacture — 

auiinouia process  (Solvay'H) M^48 

MiNINO   IXDl'tiTUlEb— 

coal  lnipoit<><l  frtmi  Great  Britain 225 

COLONIKS— 

GKEEXLAND— 

ClIKMIPAL  M\TKKIAL»— 

cryolite 33, 77, 98 

do.posits  of 77 

cLoniical  composition 77 

HiHia  manufactured  from — 

in  Denmark  33, 77 

UnitcdStatcs 83,98 

Pennsylvania 98 

displaci'd  by  bauxite  in  Germany 77 

Do  rianz('U<t,  J.  A.  ( Parin,  Fr.inco),  pure  chemicals  used  In  laboratory  and  electro-metallnr;ry  ■ .  87 

Dcrriey-Dallo7i  ( Paris,  Franct'),  continuous  rotary  job-printinf;  press 393 

Ddsandroins,  Vicomtc,  dis(;ov«>rod  coal  at  Fresncs  (in  17*20)  and  at  Anzin.  France  (in  1734)  17G 

DesmazurcA,  C  (Maisons-Lafitto,  France),  borax 83 

dovelox>ed  borate  depimits  in  Asia  Minor 50 

imports  Turliinh  honitt? 83 

Dcsmontis,  Qucnsaen,  &  Lobmnno  (Paris.  France),  apparatus  tVtr  distilling;  sulphuric  acid 20 

Desnoix  &  ('o.  (Paris,  lYance),  hematOHin<.>,  inm  extracted  fi(*ra  bloo<l 117, 118 

Do  Soto  Allcali  Company  ( Witlnes,  En^lind),  swla 89 

Deville,  Sainle-Claire  (Franct?).  investigation  of  the  properties  of  platinuta 65 

Devonshire  (Eu^Lind)— 
mining  industry — 

tin 340 

Do  Vry,  Dr.  J.  K.  (Tlio  Iliigue,  Netherlands),  method  of  manufacturing  quinetom 139 

exhibit  of  quinetum 140 

De  Tong,  Dr.  (Norway),  iutrndnce<l  medicinal  use  of  c<MMiver  oil,  1846 147, 148 

Diamonds  (ace  (i^limiiHlry ;  aUo,  Miniu;;). 

Dietrich,  uu'tliod '.f  producing  tartaric  acid 64 

Dit^t  (Belgium) — 

chemical  industry — 

desiccaUMl  (hugrt  and  plants HI 

bottles  lor  prewiving Ill 

Dieulafait,  theory  of  the  fonuation  of  lioric  acid  in  furaarolcs  of  Tuscany 59 

DiMarz»,l>.(Tufo,  Italy),  sulphur 93 

Di  Marzo.Cr.  (Tufo,  Italy),  sulphur 93 

Dinros  (\Vale») — 

slate  quarri(?s 455 

narrow.gn;re  railway  to 445-457 

District  of  Columbia  {hce  United  States). 

Dixon,  W.  A.  (New  South  Wales),  writings  on  the  tre^itmcnt  of  pyrites.  n*ferred  to 285 

DJebel  Uaronaria  (Orao,  Algeiia) — 

iron  mines 199 

Dodabetta  Peak  (Dritinh  India)— 
forestry — 

cinchona  cultivation 138 

Dollar,  derivation  of  the  name 300 

DuUfuB,  A.  ( Mulliouse.  ( rcrmany),  theory  of  properties  of  alizarine  in  dyeing 106 

Dominion  of  (Jamida  {nc"  Great  Britain :  colonies). 
Domtr^uo  (Greece) — 
chemical  induntrv — 

salt 91 

Don,  government  of  the  (European  Rnssia)— 
mining  industry — 

coal 
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Donndi*o,  Prof.  M.  (Carpuizaiio,  Italy),  boi-utt?  of  caffeine 142 

Don)',  Ab1>6.  conBtructtkl  first  fuinaco  for  thu  reduction  of  zinc  ( 1806) 200 

Dorvanlt,  F.  L.  \f .,  director  of  tho  Pharmoclo  Centralo  do  France  (PariB  and  Saint-Denis) 118 

manafactiire  of  general  ohemlcals,  phannacentical  confectionery,  proprietary  articles 119, 120 

Donbrovka  (Uussia)— 
chemical  indnstry — 
ethcrial  oils- 
mustard 150 

peppermint 150 

Douba,  department  of  (France)— 
roannfoctnres— 

watches 400, 407 

collective  exhibit 407 

DoQglas,  method  of  obtaining  ferro-cyanide  from  gas-lime 00 

Donglas,  process  of  boring  for  Stossfnrth  minerals 80 

Dresden  (Saxony,  Germany) — 
chemical  indnstry — 

alnminium 58 

Droydopple,  William  (Philadelphia,  Pa.),  bomx  soap    180 

Driscoll  F.  D.  ( Well  Water,  Va,),  oil  of  sassafras 160 

Droittecoart  (Oise.  France) — 
mining  industry — 

rolling  mills 287 

Droadov  (Lower  Anstria) — 
chemical  industry' — 

potish,  pmssiate 73 

Dublin  (Ireland)— 
chemical  industry— 

chlorine 89 

lime,  chloiido 88 

soda,  sulphate 89 

Dnbois-Caplain,  H.  (Paris,  France),  nitrate  of  silver,  chlorides  of  gold,  platinum,  paUadinm,  etc .  80 

Dabosc  &  Co.  (Paris,  France),  quinine 117 

general  chemicals  118 

Duchemin  (^m.)  Sl  Chouillon,  ^.  (Kouen,  Franco),  so<1a  proilncts.  superphosphates 80 

Duclo,  method  of  preparing  salts  of  alnminium 58 

Dnfonr  Bros.  (Grenoa,  Italy),  mannito,  qninino 142 

Dnmont,  Andr6,  estimate  of  coal  deposits  in  Belgium    274 

Dnnlop  (Scotland),  method  of  regeneratinK  oxide  of  manganciu^ 53, 90 

Dnpasquier,  method  of  purifying  sulphuric  acid    22 

Dupay,  preparation  of  alizarine  for  dyeing 107 

Dnrand  (L.)  &  Hngnenin  (La  Plaine,  Switzerland),  chemical  coloring  materials 156 

Durham  county  (England) — 
mining  Industry — 

iron  production 199 

Dnaaulx,  C.  J.  (Paris,  France),  apparatus  for  instantaneous  generation  of  steam  (by  petroleum, 

naphtha,  etc) 385-887 

illustration 388* 

Dnteme  (Ii*rance),  stnfling-boxes  for  locomotives 488-486 

Dyar  (England),  ammonia-aoda  manuCsoturing  process 44 

Dyeing  {9e€  Chemistry:  products;  alto.  Textile  Fabrios). 
D}'nnmite,  dynamite-gum  (ses  Mining:  explosives). 
Dewiniacc  (Galicia,  Austria) — 

ozokerit  deposits 72 

EarthcnMrare  («es  Ceramics). 

"Economist"  (periodical,  London.  England),  cited 186,197,213 

Screnscs-Locle  (Switzerland)— 
chemical  industry — 

artificial  black  diamonds 156 

diamantine,  for  polishing  Jewelry 150 

powder  of  rubiee,  fordriUlng  rock 156 
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Sdinburgh  (Scotland)^ 

ohomical  indostry-— 

opium 18 

preparationB  of— 

alkaloid,  Fowno'a 129 

apomorphine 129 

caffeine 129 

codeino  .  129 

cryptopine 139 

Aufurine,  nitrate. 129 

gnoscopine 129 

meconine  .^ 129 

meoonoiaine 129 

moxphine 129 

naroeine 129 

thobaine  129 

theobolaotic  acid 129 

di,  tri,  tt-tra^Mdeia 129 

hydrocotomine 129 

narcotine,  nor-narootine 199 

opianioaoid 199 

oxyna^cotine 129 

ohlorofonn 199 

KGYPT— 

MiNLXO  IKDUSTKIBS— 

coal  imported  from  Great  Britain 22S 

Eichom  (Sweden),  peat-working  machine    261 

Ekaterinoalav,  government  of  (Eoropean  Bnaaia)— 
mining  industry — 

coal 258 

copper 253 

iron  259 

Bkegrdn,  H.  R.  (Geneva,  Switzerland),  watches 407 

Ekersund  (Norway) — 
mining — 

titanic  iron  ore 268 

Elba  («M  France :  provinoea). 
Ellx^en  (Bohemia,  Aostrla)— 

vitriol-alate  depooita 23 

"Elegant  pharmacy"  («m  Chemistry :  manufaotores,  eto.). 
EUzabethpol,  government  of  (Cancasna,  Boasia) — 
mining  industry- 
cobalt 254 

copper 253 

Elliott  d:  Russell,  revolving  ftimaoe,  for  crude  soda  manufscturc  ..  37 

Employers  («m  Operativea). 

'*  Engineering"  (periodical,  London,  England),  iUustrations  and  descriptions  of  locomotives, 

quoted  from 435, 436*.  448, 444* 

Engines  {aee  Machinery) — 

Rkpout  ox  * '  Stbam  and  Gas  Ehodiss,  "  by  Amdriw  J.  Swekmky  {indexed  uiuUr  Machinery) .  363-487 
England,  English  (tee  Great  Britain). 
Erivane,  government  of  (Caucasus,  Russia) — 
mining  industry- 
copper 233 

Erlenmeyer,  Dr.  E.  (Munich,  Bavaria),  theory  of  the  reaction  in  the  manufacture  of  superphos- 
phates   57 

process  for  producing  cyanides.  .....  60 

Ersgebirgo  (Bohemia,  Austria)— 
mining  industry — 

early,  in  the  aixtoenth  caitnry dOO 

bismuth 300,301 

cobalt 300.301 

lignite   291 

nickel  300,301 

sUver   300,301 

uranium 300,301 
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Eskbank  (Now  S»uth  Wales,  AiutniUa) — 
minini;  industry — 

coal 243 

Esthonic,  govemment  of  (Earoposa  Russia) — 
minijiK  industry — 

coal 258 

Etmscoiis— 

ancient  iron  mines  of,  in  Elba 308 

Enreko,  Nevada — 
mining  indubtry — 

process  of  concentrating  silver 187 

Evans  (T.  P.)  d:  Co.  (Indinnopolis,  Ind.),  flaxseed  and  linsi'ed  oil 162 

Bvora  (Portujiral) — 
mining  industry — 

copper   *. 319 

Exeli  <Idria,  Austria),  inventor  of  iron-clad  furnaces  for  qnioksilver  extraction 303 

Exhibition  (tee  International  Exhibitions). 

Explosives  used  in  mining — 

dynamite,  giant-powder 184, 185 

dynamite-gum  185 

nitro-glycerine 184,185 

saltpeter  iK>wder 184 

• 

Fabbrica  Lombardadi  Prodotti  Chlmici  (Milan,  Italy),  quinine,  derivatives  of  cinchona  alka- 
loids  142,148 

Eabrique  dcs  Produits  Chimiqoes  d'Auvdais  (Aavvlais,  Belgium),  chemical  products,  adds, 

sulphur,  phosphates 76 

Fahlon  (Sweden) — 
mining  industry — 

copper 204 

ore-dressing  works 284 

gold  extracted  from  copper  pyrites 205 

primitive  appliances 266 

Fairlie  Engine  and  Kolling-Stock  Company  (London  and  Bristol,  England),  locomotives — 445, 451-454 

of  standard  gage 451 

narrow  gage  452 

with  double  boiler,  double  bogle 452-464,456 

illustration   462* 

adopted  in  Australia 452 

Ireland     .  452 

Mexico 452 

Norway 452 

Peru 453 

Russia 452 

Venezuela 452*,  458 

Wales 452,456 

Fairlie,  Robert  F.  (Bristol,  England),  engineer,  inventor,  mannfiMturer   445, 451-454 

Faller,  Ooorge  J.  (Philodolphia,  Pa.),  sewing-machine  oil 150 

Fattening  swine  on  carraway  oil-oake,  in  Austria 110 

Fathom,  Portuguese  measure  (=86.50  inches),  definition 310  note 

Faure  &  Kessier  (Clermont-Ferrand,  France)— 

apparatus  for  concentrating  snlphnric  acid 19;  20, 21, 86, 87 

exported  to  United  States    20 

production  of 86,87 

superphosphates,  acids  for  etching  on  glass,  etc 86 

Favre,  A.,  report  on  manufacture  of  sulphuric  acid  in  Franoe 22 

FkVTe-Porret,  Edward  (Switzerland),  Judge  at  the  Centennial  Exhibition,  1876,  report  on  ma- 
chine-watchmaking in  the  United  States,  referred  to 411 

Felauix  (Spain) — 

chemical  industry- 
ether  00 

Ferdinand  II,  King  of  Sicily,  imposed  duty  on  exported  sulphur,  which  caused  extraction  of 

sulphuric  avid  from  pyrites  in  Great  Britain 207 

Fertilizers  (sm  Agriculture). 
Festiniog  (Wales)— 

narrow-gage  railway  to  Port  Madoo 455-407 


I 
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Finlukd  {tee  Rnsaia:  provincea). 
Flnmarlc,  proviiice  (Norway) — 
mining— 

graphite •    Ml 

Finmarken  ( Norway  )— 
flahery— 

ood 146^147,148.141 

nre-clay  («m  Ceramica). 
Fiah- 

cod-flaheries  of  Norway 146-14t 

at  Bergen 14«,147 

Finmarken 141V 147. 148^  141 

Sondmoro  and  Bomadolen 146. 147, 148 

VeatQord  and  Lofoden ]46»  147 

flahermen  employed 147 

Ne  wfirandland 1 48 

apongea US 

mannfiMStorea— 

albnmen,  from  flah-egga  list 

ood-liver  oil— 

for  medicinal  nae  (tee  Chemiatry). 

technical  nae 147, 148 

tanning 148 

reftiae,  for  manure 147,148 

proceaa  of  manufactare 147.148 

glue 181,144 

iohthyncolla,  fh>m  flah-entraiia,  for  fining  wine ISB 

Fiah  Olne  and  Gelatine  MnnuilActory  (Lyaekil,  Sweden),  iohthyocolla 15t 

Fiume  (Italy)— 

chemical  indnatry 144 

Flamm,  Lip6t  (Woraets,  Hongary),  flah-glne 144 

Flaad  (O.)  A  Gohendet  (A.)  (Paria,  Franco),  vertical  compound  *' brotherhood"  atoom-engine . .  880^881 

Yertioal  longitadinal  aection 881* 

tranaverae  aectlon 881* 

Fleorier  (Switzerland)— 
chemical  indnatry— 

pharmaceutical  preparationa  10 

eztracta  of  Alpine  planta   185 

FlAne  (Belgium) — 
mining  indnatry — 

lead 881 

tine 886 

flimaoea 88f 

sine-blende  rooating  famaoea 8Bi 

Florence  (Italy)— 

chemical  indnatry — 

potaah,  bicarbonate • 

aoda,  bicarbonate • 

Boyal  Technical  Inatitnt»— 

analyaea  of  mineral  ftiel  at 887 

Florida  («M  United  Statea).  ^  -,^^^^ 

Florin,  Auatrinn  money  (paper florin  =  10.4435 ;  ailver  florin  =  $0.4878).  definition  o^^- ** 

Fontaine  rEv6qae  (Belgium)—  ^^ 

mining  indnatry—  >^  , 

^ -NP  J 

FORESTRY—  ^i 
wooda  produced^ 

acacia  decnrrena  (yielda  taimin) Ijjg 

pycnantha  (yielda  perfume) Igg 

b«ech 425 

bully.tree 132 

Campeachy  dye-wcod I24 

oinctaona 13&-140,  Hi 

medicinal  propertiea  and  preparationa  (tee  Chemiatry). 

Indigenoaa  to  Saat  Indlea 136 
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Pago. 
FORESTRY— Continued. 

wooda  prodaced — 

cinchona — 

indi;^enon«  to  South  America 123. 136-13A 

acdimated  in  Ceylon 137 

India 186-140 

Java 141 

Martinique 123 

eucalyptus 12«,  138-135 

medicinal  properties  and  preparaUons  («m  Chemistry). 

proof  against  the  teredo 126 

as  a  timber  tree 133 

anti-malarial  power 184, 135 

drains  by  absorption 184,135 

indigenous  to  Australia 128, 134 

acclimated  in  Algeria 126, 134 

Argentine  Republic 154 

Cape  of  Oood  Hope 134 

Cuba 134 

Italy 134 

Portugal 331 

Spain 184 

ilr 42S 

oak 425 

pine 425 

pfodnets— 

eharoool 162,153 

ooniferin 68,70 

cork    .  . 113,126 

creosote  oil 152 

dyeing  materials 124, 135 

eucalyptus  (ms,  alto,  Chemistry :  products) 126 

gums 127,133,162,154 

aoariodes 133 

bslata 128,131 

bnnya>bunya 133 

gutta 151 

Senegal 124 

gutta-percha 132, 155 

resins  118,127,155 

benzoin 151 

bounofa,  or  thapsia    126,126 

liquidambor 164,155 

quebracha 154 

scammony    116, 120 

sassy  bark  (polnon) 125 

tanning  bark  and  extracts 113.128,183.136,144,152,165,160 

far 152 

turpentine 162,159 

pit-ch  (for  brewers)  110 

wood-vinegar 152 

manuihctureH — 

ciDcbuun  prepamtionR,  quinine,  etc  («m  Chemistry). 

cork 118 

oross-ties  for  railways 424, 426, 427 

mugho  pine  ussence  (antiseptic,  disinfectant,  perfome,  etc.) 110 

oicalic  acid,  from  pine  sawdust 63, 140 

IKitash 96 

telegraph  poles 425 

vanillin,  from  benzoin  resin 71 

coniferin  of  red  and  white  fir  trees 691 70 

nachinery— 

cork- working 113 

peat  working 263,264 

portable  tramways  for  use  in  forests,  etc 457,460 

illustrations 457*.  458*.  469*,  460* 
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FORESTRY— Oontmued. 
mocbincr}' — 

tree- felling  engine  (saw) 881,184 

illiiRtration 


procesflcfl — 

treatment  of  wood  to  reaist  deoay 434. 425, 426 

by  creoflote,  pneumatic  process 424,425 

snip  bate  of  copper,  pnoumatio  process : 424.425 

bicbloride  of  zinc,  pressure    425 

timber  work  in  ancient  Roman  mines,  in  Portngal,  (ac<$identallj)  preserved  by  pres- 
ence of  cupric  sulphate Z24andnoU 

Forst,  Dr.  C.  (Milan,  Italy),  chemical  director  of  the  Fabbriea  Lombarda  di  Prodotti  Chimici .   .  142 

Forstall^  La  Rose  (New  Orleans,  La.),  turpentine 159 

Forster  St,  Gregory  (Streatham,  London,  England) — 

chemicals  for  general  use,  for  manufacture  of  India-rubber 89 

acids,  salts,  hypophosphites,  benzine 131 

Foumouxe  Frdres  (Paris,  France),  cantharidine 118 

Fonrdrinier  paper-working  machine 392 

Fowler  (John)  ft  Go.  (London,  England),  traction  engines 384 

Fox,  Walker,  &Co.  (Bristol,  England),  locomotive 445 

Franc  (=20  cents),  definition  of 180 


FRANCE  («M,  also,  Abervrach, 

Alais, 


A  nizy -le-ChAtean, 

Anzin, 

Argentenil, 

Aanieres, 

Audi^me, 

i3esancon, 

Boulogne, 

Brassac, 

Bray, 

Channy, 

Chessy, 

Cirey, 

Clermont-Ferrand. 

Conquet, 

Corbehem, 

Creuzot, 

Dreize, 

Doubs, 

Droittecourt, 


Fresnes, 

Froldvent, 

Oennevilliers, 

Giraud, 

Graud-Combe, 

Grasso, 

Hautmont, 

Kerhuon, 

Laneuveville, 

LiUe, 

Lyons, 

Maisons  Laffitte, 

Marseilles, 

Monlpellicr, 

Nancy, 

Narbonne, 

Neslc, 

Nogont-sur-  Mamo, 

Noyon, 

Panchot, 


Petit-Uonrg, 

Pierre- Benite. 

Pont  r  Abb6, 

Pont-sur-Sambre, 

Puteanz. 

Reims, 

Roche-la- Moli^re, 

Rocourt, 

Ronbaiz. 

Rouen, 

Saint-Bel, 

Saint-Denis, 

SainlrGobains, 

Sainto-Mario. 

Saint-Saulv(3-1e8-Vnlenciean<«, 

Salindres, 

Sedan, 

Verangeville-Dombaale, 
Vienne, 
Viviea, 
Wardreoques) — 


Paris, 

AOBICULTUBS— 

fertilizers — 

kelp  preparations  (potash) 29, 82 

destruction  of  noxious  insects- 
phylloxera — 

sulphur  preparations 78,79 

carbon,  blnulphido 79 

potash,  sulpho-carbonate 83 

products— 

aveneineand  vanillin  obtainedftrom  thei>ericaTpof  oats 71 

beet-root  sugar— 

chemical  products  fh>m  the  residues  of  the  manufacture- 
potash  80, 83 

salts 83 

flowers  and  herbs  used  in  chemical  industry 115, 116 

hops 112 

madder 100,113 


coloring  properties 

superseded  by  alizarine. 

cultivation  abandoned 

olive  oil 

saffh>n,  grown  ah  a  dye^tnff  . . . 
woad,  grown  ns  a  dye^tnff 


80 
114 
118 
113 
113 
113 


INDEX.  535 

Pftge. 

FRANCE— Continuefl. 

GSRAMICft— 

chemical  Apparatn*— 

fltone-wan"  recipients  for  sulphurio  acid  in  vitiiol  ohamben 16 

Cbsmibtky  axd  Phabxact— 

exhibit,  cbemical 77-87,157 

pharmaoeutioal 112-123 

exhlbitons  number  of 7 

awardii,  numbor  of 7, 8 

condition  of  the  indostry 8, 78, 77, 113, 114 

ne^ect  of  improvement  ■  and  labor-saving  machinery  and  processes 78 

manufactures- 
alizarine  100-105,118 

blue loe-108 

alum 79,88 

aluminium  (fe«,a2«o, Metal- workin<;,be{otr) 84,85 

sulphate,  from  iron-fnmaco  slag 58 

artificial  ico,  by  hydrosulphurous  anhydride  25 

baryta 80 

benzoioacid. 64 

borax 5»,78 

bromme 55,81,82,83 

carbon,  bisulphide,  for  destroying  the  phylloxera 79 

chlorine  and  bleaching  powder 52 

cinchona  preparations,  quinine 117 

cyanides       00-62 

"elegant  pharmac}-"  114,115,119,120,158 

iodine  from  sea-weed 29, 65, 50, 78, 81, 82, 83, 84 

competition  from  American  supply 55, 56, 78 

iron,  sulphate 85 

nitricacid 27,79 

oxalic  acid 63 

parafflnc  from  ozokerit 72 

perfumt-ry 114,  US,  116 

phthallic  anhydride 119 

potash,  from  beet-root  sugar  residues 30 

prussiate 87 

snlpho-carbonate,  for  destroying  the  phyUoxem 83 

potassium,  bromide 82 

chloride,  frt>m  salt  gu^ens 29, 30, 78 

salts,  ttom  snint  of  wool 29 

soda 83-51,77,78,80.81 

sodium,  chloride 82 

hydrosulphite,  for  dyeing  woolens 26 

sulphate,  anhydrous,  from  mother  waters 29, 80, 31, 88, 79 

sulphur 78 

preparations  for  destro^'ing  the  phylloxera 78, 79 

sulphuric  acid ^-26, 79, 80, 81 

fuming  (Nordhansen) 24 

superphosphates 57,79,80 

tannin 119 

tartaric  acid 79 

vanilhi,  artificial 69,120 

production  and  consumption — 

alum 79,86 

alumina,  sulphate 86 

aluminium 84 

baryta,  chlorate 119 

bauxite 84 

beeswax 118 

benzoioacid 64,87 

borax 83 

bromine 81,83 

calcium,  phosphide 119 

camphor   83 


^ 
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FRANCE— Continued . 

CHBMIBTBT  and  PHARIfACr— 

prodnctioD  and  consumption — 

carbon,  bisalphide    79 

copi>er,  sulphate 4M^4S9 

creosote 4M»  4S9 

goUicaoid 119 

honey US 

hops 112 

hydrochloric  acid 80^91 

hydrocyanic  acid 97 

iodine 56,81,92,99 

iron,  sulphate 99 

kelp 92,99 

lime,  chloride 90^94 

madder 113 

mnj^esia,  solphote 91 

nitric  add 92.97 

oUveoU lis 

perfumer's  articles 119 

potash,  firom  beet-root  sugar  leaidQea sa 

sea- weed 91, 91 

potassium,  chloride 94 

cyanide 97 

pyrites   9^90,9* 

quinine,  cinchona 117 

resin 119 

salt 79»80;9I 

soda 92, 60, 77, 90, 91, 92, 98, 94, 97 

sodium,  chloride 92 

sulphur 79, 90^  94 

sulphuric  acid 0, 77, 90, 91, 9Z 

superphosphatea 90 

tan-bark 113 

tannin  119 

tartar  emetic 119 

tartaric  acid 79 

yanilla 69 

sine,  bichloride 425 

sulphate  97 

manufiMstnring  processes,  apparatas,  machinery- 
alumina,  sulphate,  from  bauxite,  Hntter's  procees 96 

carbon,  bisulphide,  Deiss's  method 79 

cyanides 90-62 

Tchemlac's  process 91, 62 

flower  essences,  i>erfum€8 119, 117 

hydrochloric  acid,  Woulff's  botties 97 

Merle's  coke  towers 94 

nitric  acid,  Julian's  electrical  procesH 27 

oxalic  acid,  from  waste  of  brass  and  copper  works,  Asselin's  process 68 

potash  salts  from  sea-water.  Merle's  improirement  of  Balard's  pirooess 94 

soda,  Leblanc's process —  99,44,45 

ammonia  process  (Solvay)  44-50, 79 

Thirion's  process 51 

Th61en's  procesA 88,90 

sulphuric  acid — 

pyrites  burners 10,11,12,14 

▼itriol  ohAmbers 1M6 

Gkiy-Lussao's  tower 19,19,19 

Glover's  tower 17,18,79 

concentrating  apparatus 19-22 

Faure  &  Kessier's 18.20,21 

purifying  process  22 

superphosphates,  ThibanlVs  continuous  process 57 

vanillin,  fbom  avaneine,  extracted  fhmi  pericarp  of  oats  (Semllas) 71 
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FRANCE-Continued.  **** 

CHnOSTBT  AKD  PBABMACT— 

ftiel  tued  in  manafactiiTe— 

coal 22,47,78,80,82,84 

In  Tefinlng  ralphnr 78 

mannfnoturlng  Bod> 80,84 

potMh  and  aea- weed  prodaots 82 

ook© 47 

expedients  to  economise 20 

operatiyes— 

number  employed— 

in  soda  industry 78,80,84 

mining  pyrites 80,84 

potash  manufactore  from  sea*weed 82 

preparing  kelp 82 

general  chemical  manoflMstnre 80,116,120 

prodnots,  by-products,  materials— 
acids— 

aootio 86 

bensoic 64,87 

boraoic 83,86 

oarbonlc 31,45,114 

citric 86 

gaUic 88,86,110 

bipporio 64 

hydrochloric 87,46,62,63,64,80,82,84 

hydrocyanic 87 

hydrofluoric 86^87 

hydrosulphnroos 35 

nitric 20,270,8,79,82,87 

osmio 86 

oxalic 68 

pyrogalllc 86^119 

racemio 120 

salicyUc 25.121 

silido 46,51 

sulphuric 9^20,22,26^46^01,68,77,70,80.81,82,86,87,92 

Aiming  (Nordhansen) 24 

tartaric 64,79 

alantine 118 

alcohol 81,83 

methylio 80 

alisarine 100,118,118 

alkaloids 117,120 

alum 79, 81, 86, 87 

alumina 46^79,84,85,86,87 

sulphite 86 

aluminum 84 

sulphate 58 

ammonia 81,44,4^61,62,68 


chloride 81 

salts 80 

sulphide 01 

sulpho-carbonate 61 

sulphoKsyanide 61,02 

anthrticene 79,100 

anthraquinone 79 

antimony 117 

atrophine 110,118.119,120 

aTcnine 71 

barium,  binoxide 85 

chlorate 80 

aalU 80 


'_-_  ->•    -■_ 
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FRANCB— CoDtinaod. 

GHEMILTHT  AMD  PHABMACT— 

products,  by-prodocta,  materials — 

baryta 81,801119 

chlorate 119 

bauxite 7«,84,86 

beeswax 113 

beiusophenon 8S 

bismuth 85.66.118 

bleach  in«;  preparations 52,85 

borax 50,78,83 

bounafarrain 125,126 

bromine 63,81,82,83 

cadmium. iodide  .>. 118,119 

salts 85 

sulphate 119 

oaiTeine 119 

calcium,  chloride 45,58,81 

manganite 52 

phosphide 86,119 

salt 64 

sulpho-cyaaide 62 

camphor 83|  120 

cannabino 120 

cantharidine 118 

carbon 61 

bisulphide 61, 79 

monoxide 61 

chloral,  alcholate 120 

amylio 120 

othylio 120 

hydrate 117,120 

methylio 120 

propylio 120 

ohloiino 45^52,68,84 

chloroform  78,86,117,119 

chlorozone  (for  bleaching) 86 

dnchona 117 

«M>deine 119 

ood-liveroU 148 

coniolno,  bromo-hydrate  118 

copper,  chloride  — 81 

oxalate 63 

cork 113 

enlx^bs,  pn>paration8  of 117 

cnrare 118 

curarine  . 118 

cyanides   60,62,70,87 

dambonite 118 

daturine 116,118 

digitaline 116,119 

disinfectants 88 

elaterino   119 

''elegant  pharmacy" U4, 115, 166 

erythrit 86,118 

ery  throph]6ine 125 

teerine 119 

ether 79,86^117 

eucalyjitus,  preparations  of 117 

extracts    117 

fertilizers 29^82 

flower  flavors,  jwrfUmfs,  etc 115 

fcnrmatea 121 

fhiit  extracts 117,121 

gaUinm 81 
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FRANCE— Contlnned. 

Chbmibtbt  ahd  Pharmact— 

prodaota,  by-prodaota,  materials 

glnooae 118 

glycerine 121 

gold,  chloiide 86 

gnaranine 120 

hematoeine 118 

herapathite 120 

honey 113 

hops 112,118 

hyoBciamino   11© 

igasnrine 120 

indigotlne 88,118 

iodine 28,88,121 

from  sea-weed 29,55,06,81,82,83 

iron,  hipporate 64 

Michel's  (•7«rA«ma«flti«") 121 

oxide    02,80 

X>erohloride 64 

phosphates 121 

Qnerenne's 121 

sulphate 58 

sulphide 62 

jalap 120 

••jarel  water"  (for bleaching) 81 

kamaline 119 

kelp 82,88 

lactates... 121 

lead,salta  80 

leucine 118 

lime 52, 62 

bisulphite 25 

caustic 29 

chloride 81,84 

limestone.. 84 

lye 80 

madder 80,110,118 

magnesia,  sul  p  hate 84 

magnesium,  c-alcined 79 

oxalate 68 

regenerated 84 

sulphate 30 

manganese.,  borate 83 

oxide... 79,80 

peroxide 52 

mannite 118 

meconnlne 110 

menlspermine. 119 

mineral  waters 114 

morphine,  salta 119 

narceino 118 

niclcel,  sulphate 87 

oil,  cod-liver 148 

essential 118^116 

of  orris 116 

peppermint 116 

rosea 116 

olive 79,118 

osokerit 72 

palladium,  chloride • 86 

paracotine 119 

paraiBne 72,116 

peppermint,  oil  of 116 

pepsin 120,121,121 
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GHKMIBTBr  AMD  PKARMACT— 

products,  by-prodnoU,  material*— 

poptonM 12SE,12I 

perfumery 11S,116 

phenol 117 

photographer's  materials 8&,116 

phthaUlo  anhydride ll».l» 

pilU 117.130 

pilocarpine 11^  120 

platinum  (fee,  al$o^  JCetal-VOTking,  Mow)— 

chloride — lif 

cyanide 88,111 

potash 82,0 

trom  beet-root  mgar  waste 10 

sea-weed 28,78 

oanstio 68;,  79 

solpho-cariionate 88 


chlorate 86 

bichromate 79 

permanganate 8S,121 

snlphato e 

potassium — 

bromide 81,82,81 

carlxmate 3L8} 

chlorate 81.88 

chloride 29, 80, 81,  88. 82, 88, 8« 

cyanide 79^87 

ferro-cyanide 81 

Iodide 81,81 

nitrate 8S 

oxalate 61 

prussiate 61,87 

salU 28.  33,  79, 88.81 

fhym  saint  of  wool 29^81 

sulphate 81, 79, 8%  81 

sulphide 88 

snIplMHsyanide 8B 

powders 117 

pyrites 91, 88;  80^  81, 81 

quinine 117, 129 

rosin 118 

bounalk,or  thapsia 120^126 

Boammony 116^120 

roses,  oil  of jie 

mbidiom 89 

saffron 113 

salt 88.78^79,80,84 

ammonium 80 

atrophine 118 

barium 89 

bromine 82 

calcium 64 

cinchona 117 

datazlne 118 

eserine   119 

glaubor 29 

iodine SK 

lead 89 

mori>hine    119 

quinine    117 

soda 80^81 

Stassftirth 39 

thslliiiui     85 
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Chbmibtkt  akd  Ptiabmaoy— 

prodncts,  by-prodaots,  materluli 
salt- 
tin  fff 

trimothylamine 80 

araninm    96 

saltpeter   22 

scammony Ufl^  120 

selenium 81 

silicon U» 

silver,  nitrate 80 

soda  32, 41-51, 77, 78, 78, 80, 81. 84»  87 

carbonate 4^83 

oanstio 48,01,08,80 

crystals 45,80 

salts 80,81 

sodium  00,84 

bisulphate 22,24 

chloride 80,82,88 

hydroBolphite 25,28 

nitrate    28,45 

nitro-pmsside 121 

silicate 51 

snlphate 24,30,83,51,80,81,84 

anhydrous 28, 81, 70 

sponges 113 

strychnine 120 

sulphur .22,51,78,80 

chloride -- 78 

regenerated 80,84 

preparations  for  destroying  phylloxera 78 

sulphuric  anhydride 24,25,51 

superphosphates 57, 78, 80, 81, 80 

tan-bark 118 

tannin 80,117,118 

tartaremetio  118 

thallium  salts  .....  85 

thao 127,145 

thapsia  resin  135,120 

thebaine 118 

thenardide 28 

tin,  salts  of 87 

toflet  articles 100,114.115,110 

triphenylmethan 85 

tyrosine  118 

uranium  salts —  . 85 

urea 85 

vanilla,  artificial 08 

yanillin 120 

▼areoh 81,82 

vaseline 118 

woa«l 118 

wax,  bees' 118 

sine 20,58,80 

snlphate 58,87 

exports — 

perfumery    i 110 

to  Belgium 110 

BrazU 110 

Germany 110 

Great  Britain 110 

South  America 110 

UnitedStates 110 

phannaeeutical  prepamtknia 113,114 
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Chkmibtbt  axd  Phabmact— 

products,  by-jvodnota,  materiili 

pqvtonM 122,123 

perfumery 115,116 

phenol 117 

photographer's  mftterials 85,11C 

phthallio  anhydride  119,130 

pills 117.120 

pilocarpine   110^120 

platinom  (Me,  aimtf  Metal-vprkiuK,  Mow)— 

chloride b& 

cyanide... 88,119 

potash 82,83 

trom  beet-root  mgar  waste 80 

sea-weed 29.78 

caostio 63,78 

sulpho-carbonate 81 


chlorate 86 

bichromate 78 

permanganate 85^121 

sulphate 8S 

potassium — 

bromide 81,82,88 

carlxmate 3L8i 

chlorate 81,82 

chloride 29, 30, 81,  S3, 82;  88, 84 

cyanide 79,87 

ferro-cyiDide 81 

iodide 81,83 

nitrate 82 

oxalate 83 

prussiate 61,87 

salU 28,33,79,83,8* 

from  saint  of  wool 29,81 

snlphate 62,79,8^88 

sulphide 88 

snlpbo-cyanide a 

powders 117 

pyrites 9,22,80,81,84 

quinine 117,120 

resin 113 

bounufs^or  thapsia 128,126 

scammony Iia;i20 

roses,  oil  of 116 

mbidiom 88 

saffron 113 

aalt 88^78,79,80,84 

ammonium 30 

atrophine 118 

barium 80 

bromine 82 

oalcinm 64 

cinchona 117 

datnrine 118 

eserine 110 

glanbor 29 

iodine 82 

lead 80 

morphine    110 

quinine 117 

soda 60^81 

Btaasf^irth 80 

thallium    85 
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CDBMISTBT  AKD  PnABMACY— 

prodnotft,  by-products,  materials— 
salt- 
tin ter 

trimothylamine SO 

anminm    8S 

saltpeter   22 

scammony 11<^120 

selenium 81 

silicon 119 

silver,  nitrate 86 

soda       32, 44-51, 77, 78, 70, 80, 81, 84^87 

carbonate 40^83 

caustic 48,81,08,80 

cr^-stals 46,80 

salts 80,81 

sodium  00,84 

bisulphote 22,24 

chloride 80,82,88 

hydrosulphite 25,26 

nitrate   28,46 

nitro-pmssido 121 

silicate    61 

sulphate 24,80,83,61,80,81,84 

anhydrous 28, 81. 70 

sponges 118 

strychnine 120 

sulphur .22,61,78,80 

chloride ^ 70 

regenerated 80, 84 

preparations  for  destroying  phylloxera 70 

sulphuric  anhydride 34, 25, 51 

superphosph  ates     57, 70,  £0, 81, 86 

tan-bark 118 

tannin 80,117.110 

tartaremetic 110 

thallium  salts  86 

thao 127,145 

thapsia  resin  136,126 

th  ebaine 1 10 

thenardide 20 

tin,  salts  of 87 

toflet  articles 100,114,116,116 

triphenylmethon 86 

tyrosine  118 

uranium  sslts 86 

urea 86 

▼aniUa,  artificial 60 

▼anillin 120 

Tareoh 81,82 

▼aseline 116 

wood 113 

wax,  bees' 113 

sine 20^68,86 

sulphate 68,87 

exports — 

perfumery    i 116 

to  Belgium 116 

Brazil 116 

Germany 116 

Great  BHtain 116 

South  America IIG 

United  States 116 

pharmaceutical  preparations 113,114 
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FRANCE  —Contlnaed. 
Machixkrt— 

inacfaiiie*tool8 — 
plainera— 

iiiiizitcllif;eiit  imitation  of  Amerloan  pAttem SOS 

qiiiok<retum  motions  on  tluiping  machines 8M 

small  tools,  drills,  punches,  shears,  etc 806 

motal-vorking— 
iron— 

charcoal-hearths  of  the  ancient  Oanls 175 

platinnm — 

furnace  with  compound  oxy hydrogen  blowpipes  for  makinj;  alloys  of,    with 

iridinm,  etc 01 

model  of^  exhibited  by  the  CJommission  dn  M^tro 88 

silver — 

Lace  &  Bosan  process  of  ooncentratini: 187 

mining— 

hoisting  arrangements — 

Cousin's  safety  apparatus 108,  185,188 

provision  against  overwinding 186 

steel  cables  replacing  iron 187 

wooden  and  iron  guides  replacing  ropes 187 

ore-dressing,  improvements  in 187 

coal- washing,  improvements  in 187 

coking  furnaces 183 

paper-working  302, 3!M 

englne-tnb  392 

Fonrdrinier  machine 39i 

printing prpsses 302.393 

type-composing  and  distributing  machines 898 

numbering  machines,  for  notes,  tickets,  etc 304 

watch-roaking — 

littloused 407,412 

used  unsiircessftLilly 412 

Imported  or  imitated  from  United  States 407, 408 

disbelief  in 410,412 

HlXTNO  IXDUBTR1B»— 

report  on 174-180 

origin  and  progress — 

works  of  the  Gauls 174,175 

under  Roman  occupation 174 

of  the  Saracens 174 

in  the  Middle  Ages 174.176 

under  Louis  XVI 174 

modem  advances- 
introduction  of  powder 174 

appliances 174 

corps  of  mining  engineers  (1781) 174 

school  of  mines  (1783) 174 

mining  laws  (1810) 174 

copied  in  Greece 337 

conditions  of  the  industry — 

mining  enterprises 175 

forcoal 175,178,177,181 

iron 175.181 

equipment,  apparatus,  appliances- 
engines 176, 181, 182 

hydraulic 181 

steam 176.181,182 

transportation  apparatus,  coal  and  ores 183 

hoisting  apparatus 183, 187 

safety 183,185,186,187 

explosives 184,185 

dynamite,  giant  powder 184^185 

nitro-glyoerine 184,185 
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MlHINO  L\DU8TRIK8— 

conditions  of  tho  indostrj — 

equipment^  apparatas,  applinnoes — 
explosives — 

saltpeter  jwwUer 184 

dynomite-gnm 185 

safety  lamps 187 

electric  lighting  of  mines 187 

steel  replacing  iron  and  wood 187 

ore-dressing 187 

coal- washing  187 

works  conducted  abroad — 

lead  mines  in  Greece 337, 338 

models  of  mines 182,183,187-180 

in  glass 188,189 

plaster 188 

wire 187,188 

method  of  constmctioB 187,188 

production  and  consmnption— 

agate 179 

alnm 175 

aluminium 184 

antimony 175,178,179 

barytes 175 

bauxite ; 178 

bitumen 178,181 

brass 184. 

building  stone 175,179 

clay 175,179 

coal 171,175,177,180,181,182,183 

amount  used  in  mines 177 

railways 177 

smelting  works 177 

steamers,  ocean 177 

river 177 

anthracite •. 175,177,178 

lignite 175,177,178 

artiflcial  fuel 182,183,187 

cobalt 175,178 

coke 183 

copper 175,178,179,184 

pyrites 9,178,180 

galenft 180 

gold 179,184 

graphite 178,179 

iron 176,180,182,183 

ore 172,175,178 

bar 172,183 

pig 172,183 

pyrites 178,179,180 

Jasper 179 

lead 172,175,178,170,184,213 

litharge 184 

manganese 175,178,170,180 

marble 175, 179 

mercury 175 

nickel 175,178,184 

ocher 175 

peat 178,180,181 

phosphates 175,179 

platinum  179 

salt,  rock 175,178,181 

silver 178,179,184,209  noU 

slate 179 

steel 172,176,188 
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FRANCE  —Continned. 
Machixkrt— 

inacfaiiie*tooU— 
plainoTB— 

nnintellifcent  imitation  of  Amerioan  jpattem 805 

qiilok*retuni  motions  on  shaping  maohinea SN 

amall  toola,  drills,  pnnohea,  aheara,  etc 806 

motal- working- 
iron — 

charcoal-hearths  of  tho  anoient  Oaola 17S 

platinnm — 

fumaco  with  compound  oxyhydrogen  blowpipes  for  makinj;  alloys  of,   with 

iridinm,  etc 08 

model  of^  exhibited  by  the  Commission  da  M^tre 68 

silver — 

Lnoo  &  Bosan  process  of  concentrating 187 

mining — 

hoisting  arrangements — 

Cousin's  safety  apparatua 188,  185,186 

provision  against  orerwinding 186 

steel  cables  replacing  iron 187 

wooden  and  iron  guides  replacing  ropes 187 

ore-dressing,  improvements  in 187 

coa1*waahing,  improvements  in 187 

coking  furnaces 183 

paper-working  302,3m 

engine-tub 302 

Fourdrinier  machine 302 

printing  presses 802,303 

type-composing  and  distributing  machines. 803 

numbering  machinea,  for  notes,  tickets,  etc 304 

watch-making — 

littleused 407,412 

used  unsnccessftilly 412 

imported  or  imitated  from  United  States 407, 408 

disbelief  in 410,412 

HnnNo  DfDUBTRixs— 

report  on 174-180 

origin  and  progress — 

works  of  the  Gauls 174,175 

under  Roman  occupation 174 

of  the  Saracens 174 

in  the  Middle  Ages 174,176 

under  Louis  XVI 174 

modem  advances- 
introduction  of  powder 174 

appliances 174 

corps  of  mining  ensineers  (1781) 174 

school  of  mines  (1783) 174 

mining  laws  (1810) 174 

copied  in  Greece 337 

conditions  of  the  industry — 

mining  enterprises 175 

for  coal 175.176,177,181 

iron 175,181 

equipment,  apparatus,  appliances— 

engines 176,181,182 

hydraulic 181 

steam 176,181,182 

transportation  apparatus,  coal  and  orea 183 

hoisting  apparatus 183, 187 

safety 183,185,186^187 

explosives 184,185 

dynamite,  giant  powder 184,185 

nitro-glycerine 184,185 
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Mining  Ixdu8Trie8— 

conditions  of  tho  industry — 

equipment,  apparatan,  applinnoes — 
exploBivt'8— 

saltpettT  jwwder 184 

dynamito-f^Di 185 

safety  lamps 187 

electric  lighting  of  mines 187 

steel  replacing  iron  and  wood 187 

ore-dressing 187 

coal-washing 187 

works  conducted  abroad — 

lead  mines  in  Greece 337, 338 

models  of  mines 182,183, 187-180 

in  glass 188,189 

plaster 188 

wire 187,188 

method  of  construction 187,188 

production  and  consumption — 

agate 179 

alum 175 

aluminium 184 

antimony 175,178,179 

barytes 176 

bauxite : 178 

bitumen 178,181 

brass 184, 

bu ildin g  stone 175, 1 79 

clay 175,179 

coal 171,176,177,180,181,182,183 

amount  used  in  mines 177 

railways 177 

smelting  works 177 

steamers,  ocean 177 

river 177 

anthracite 175,177,178 

lignite 175,177.178 

artiflclal  fuel 182,183,187 

cobalt 175,178 

coke 183 

copper 175,178,179,184 

pyrites 9,178,180 

galena  180 

gold 179,184 

graphite 178,179 

iron 176,180,182,183 

ore 172,175,178 

bar 172,183 

pig 172,183 

pyrites 178,179,180 

Jasper 179 

lead 172. 176, 178, 171>,  184, 213 

litharge 184 

manganese 175,178,179,180 

marble 175, 179 

mercury 175 

nickel 175,178,184 

ocher 175 

peat 178,180,181 

phosphates 175, 170 

platinum  179 

salt,  rock 175,178,181 

silver 178,179,184,209  note 

slate 179 

steel 172,176,188 
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MlNIKO  INDUBTUIES— 

prodaction  and  consamption— 

sulphur 175,178,179,181 

talc 175 

tin 176, 178, 17».  212 

zinc 178, 176, 178, 17a,  184, 287 

exports — 

antimony   179 

coal 177 

to  Algeria 189 

Italy 1T7 

Russia 281 

copper 179 

to  Great  Britain 222 

Russia 281 

graphite 179 

iron — 

to  Belgium 281 

Russia 261 

iron  pyrites 179 

lead 179 

to  Great  Britain 223 

man^i^anese 179 

saltr- 

to  Russia 381 

silver 179 

*  steel — 

to  Russia 281 

sulphur 179 

tin- 
to  Great  Britain  212 

zinc 179 

to  Great  Britain 224 

imports — 

antimony 175.179 

coal 177 

from  Belgium 177 

Germany 177 

Groat  Britain 177,214,215,225 

cobalt 175 

copper 179 

from  Algeria 175 

BoliTia 175 

Chili 175 

Groat  Britain 175,222 

Italy 175 

United  States 175 

gold 175,179 

graphite 179 

iron 178 

frt)m  Algeria 176,189 

Belgium 176,281 

Italy 176,309 

Spafai 176 

iron  pyrites 179 

lead 179 

from  Algeria 175 

Belgium  175 

GreatBritain 175,223 

SaMlnia 175 

Spain ^ 175 

manganese. 176,179 

mercurj- 175 

nickel 191 

from  New  Caledonia 175^191 
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MmiNO  IKDUBTRIB8— 

ImportA— 

platiniixn 179 

silver 175,179 

snlphnr 179 

tin 176,179 

from  Great  Britain 221 

lino 179 

from  Oreat  Britain 224 

operatlTes— 

nnmber  employed 180 

in  mines  and  qnarriea 174, 180, 181 

bitumen., 181 

cool 181,182 

iron 181 

peat 181 

■alt 181 

Bulpbor 181 

m  m  etidlnrgieal  eatabllahmeiita 180 

wagee 180,182 

tominen  of  ooal 180,182 

iron 180 

peat 180,182 

work  performed 1 74, 180 

by  minem  of  coal ; 180, 182 

iron 180 

peat 180 

proTision  for  tbe  welfare  of— 

by  the  Compagnie  dea  Mines  d'Anzin 183 

Schneider  &,  Co.,  Creozot 195 

danger  ttom  mining  accidents 186 

explosions 184,186 

guarded  against  by  safety  apparatus 185, 186, 187 

fuel- 
production  and  general  use— 

artificial  (briquettes) 182,188,187 

coal 171,175,176,177,178,180,181,182 

Ugnite 177,178 

coke 188 

peat 178,180,181 

use  in  metallurgical  industry- 
charcoal  175,176 

coke 176, 183 

prices — 

coal 177 

Ugnite 177 

Hbtal-workqco  («e0,  alto.  Machinery:  metal-working)- 
i^nminium — 

exhibits 85 

manufactures 84,85 

prices  85 

sulphate,  produced  fh>m  slag  of  iron  furnaces 58 

iron — 

replacing  ropes,  for  hoisting  in  mines 187 

wood  in  cross-ties  for  railways 424 

fhunes  for  railway  cwa 425,446 

railwayaxles   426 

platinum — 

apparatus  for  concentrating  sulphuric  acid 1 9, 20, 21, 86, 87 

exhibits 87 

metals  associated  with — 

indium 87 

osmium 87 

palladium 87 

ruthenium 87 
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Mbtal-wobking— 

steel— 

Tcplacmg  iron  176 

iu  hoisting  cables  in  mines 1?7 

railway  material 420,424 

I*ArER-MAKIKG— 

materials — 

aluminium,  sulphate,  instead  of  alum    57 

zinc,  SI  Jphate,  for  sizing W 

Railwats  (including  apparatus,  material,  fixtures,  etc.) — 

exhibit 419,423,430,431,445.457-45!^ 

information  withheld  concerning 431 

showed  prevailing  European  method  of  eonstmotion 423 

system  of  423-427 

originated  in  1840 423 

left  to  private  enterprise  by  law  of  1842 423 

classification — 

aneien  riteau  (old  networlc,  trunk  lines)    423 

receipts  per  mile 424 

nouveau  riteau  (new  network,  feeders  to  trunk  lines) 423 

aided  by  governmental  subvention 423, 424 

receipts  per  mile 424 

gage  (M0,  alio,  tramways,  bdaw)— 

controversy  concerning    449. 450 

standard  (4' SJ'' and  4' 9")  449 

suitable  for  trunk  lines 454 

narrow  (1  meter —  39.371") 450,454 

suitable  for  local  traffic 454 

cost  per  mile 454 

extent  of 424 

gross  receipts 424 

receipts  per  mile 424 

operatives — 

number  employed 427 

per  mile 427 

duties  of 427 

speed  of  trains 427 

coal  consumed  on 177 

increase  of  government  revenues  from  the  building  of 426 

saving  in  transportation 426 

development  of  mining  industry  in  the  Pyrenees  by  railroad  extension    190 

locomotives  {see,  alto,  tramways,  below) — 

number  of  424 

improvements 425 

increased  weight  and  power 425 

steel  parts  replacing  iron 425 

utilizing  waste  steam 425 

fire-grates,  boxes,  etc.,  to  economize  fuel 425 

exhibits 430,431-437 

locomotive  and  tender:  "Western  Railway  Company 432*.  433 

express  locomotive  and  tender:  Soci6t6  de  Construction  des  BatignoUes,  Paris .  .433, 434* 

loi>omotive  and  tender:  Schneider  &  Co,  Creusot 434, 435 

locomotives :  Paris,  Lyons,  and  Mediterranean  Railway  Company 435, 436*,  437 

rolling  stock  (tee,  alto,  tramways,  below) — 

condition  of  .   424 

passenger  cars 445-447 

nnmberof 424 

improved  construction 425 

iron  framing  replacing  wood  425, 446 

sleeping  cars 425 

flrat-class  i>assenger  coach.  Western  Railway  Company,  exhibite<l 445, 446*,  447 

salon  cars  exhibited    447 

inefficient  system  of  wanning     425 

Westinghouse  air-brake  used 446, 467 
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Kailways— 

rolling  stock — 
flight  cars — 

number  of 424 

iron  framing  replacing  wood 425 

flxturcA,  permanent  way — 

condition  of 424 

improvementa 424, 425, 426 

steel  rails  i-cplacing  iron 420,424 

use  of  fish-bars 424,426,457 

cross-ties  treated  against  decay 224, 42.*) 

metallic 424 

signaling  systems 424 

operated  by  telegraph    424 

ballasting  road-bed 434 

spikes,  screwed,  not  driven  426 

axles,  tests  of 426 

tramways,  street  railways,  narrow-gage  roads,  etc. — 

Decauvillc's  portable  tramway  for  mines,  agricultural  and  forest  use,  etc 457-459 

rail  used  on 457* 

joint  of  sections 457* 

tramway  and  cars  for  mines  and  quarries 458* 

car  for  mines 459* 

tramway  in  operation  on  sugar  plantation 460* 

street-railways 459-4G6 

cars — 

of  Americui  design 450 

management  of 459,460 

wheels  without  flanges  on  one  side 461 

exhibits 461-466 

drawn  by  compressed-air  motors 462",  463*,  464*,  465* 

motors,  locomotives — 

M6kar8ki's  compressed-air  tramway  motor 461, 462* 

attache<l  to  car  463' 

drawing  ordinary  street'Car   164* 

Lamm  St.  Francq's  compressed-air  motor 462, 463, 465*,  466 

mining  railways — 

Decauville's  tramway  and  cars 457, 458*,  459* 

cars  transported  by  tail-rope  and  endless  chain  at  Anzin  mines 183 

M6kar8ki's  compressed-air  locomotives 461 

Tbxtilb  Fabrics— 
woolen — 

bleaching  by  sodium  hydrosnlphlte  solution 26 

dyein;;  by  sodium  hydrosulphite  solution 26 

bleaching  preparations,  "Jarel  water" 81 

chlorine,  bleaching  powders 52 

dyeing  Turkey  red  by  sulphate  of  aluminium 58 

COLONIES- 
ALGERIA  {gee,  alio,  AIn-Morkha,  Gourayas,  Qned-Messelmonn, 

Aln-Safra,  Hammam,  Soumah, 

Beni-Saf,  Kef-Oum-Theboul,  Zaocar)— 

DJebel  Haronaria,         Kharisar, 

pavilion  at  the  Exposition 113,125 

sponges 126 

Chemistry  xxd  Phasmact— 

crude  drugs  exhibited 123,125 

colocynth 125 

ergot  du  diss 125 

oucalyptic  acid 126 

eucalyptol 126 

lecanora  escnlenta  (said  to  be  the  manna  of  the  Bible) 126 

pellitory 125 

resin,  bounafa  or  thapsia 125, 126 

squiU 125 

thapaia  ailphiuxn 125 


550  INDEX. 


FSANCE— Continued. 
COLONIES- 
ALGERIA— 

FOBIBTBY— 

cork  mannfacture 113;  LW 

eacalyptus  125 

uses  of 126 

ftnfi.m^lttriftl  inflnAnnA 134 

bark  for  tanning 126 

MiNiKo  Ixdustbus— 

report  on 18S,1W) 

condition  of  the  indootries 189;  1 90 

number  of  mines  in  department  of  Algiers^ 

copper 189 

iron 189 

department  of  Constantine— 

calamine 287 

iron 189 

lead 18B 

department  of  Oraii— 

iron 189 

steMn-engines 189 

operatives 189 

exports— 
calamine— 

to  Belgium 288 

copper 190 

to  France 17S.189 

iron 190 

to  France 176,189 

Belgium 189^281 

Great  Britain 189 

United  States 189 

lead  190 

to  France 17M89 

imports- 
coal— 

from  Great  Bzitain 189 

France 189 

COCHIN  CHINA— 

Chuobtbt  akd  Pharmact— 

drugs 127 

thao  (gelose,  fh>m  sea- weed) 127,145 

yields  dressing  for  silk  and  other  CiAfios 127,145 

method  of  use 127 

GABOON— 

CHBMIflTBT  AKD  PHABMACT— 

erythrophl6ine 125 

6seriue 124 

inline 184 

poisonous  vegetables— 

atohim6 124 

erythrophlenm  gninsense  (manatee  or  bomaiie) 124 

properties  ss  a  poison 125 

id^  a  ( bondon  or  mlMndon) 124 

properties  of 125 

ilango 124 

okanyago 124 

ourende 121 

physostigma 121 

strophantus  hiqpidus  (info  or  onaye) 123 

properties  of 134,125 

sassy  bark 125 

strophantine 119^124 
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FKANCK— Continued. 

COLONIES— 

GUADELOUPE— 

Agricultubb— 

sagar 124 

CnmasTBT  and  Phabmact— 

▼anillfl 124,141 

FORESTBT— 

Campoachy  dye-wood 124 

GUIANA— 

Chsmistbt  and  Piiarmact— 

copaiba 123 

curari  poison 123 

lime  (fruit),  citrate  of 123 

medicinal  plants 123 

oil  of  boa-constrictor 123 

pareirabrava /. 123 

quassia  amara 123 

simaruba 123 

tonqua  beans 123 

vanilla  pompona 123 

Mining — 

gold 190 

MAETINIQUE— 

Chkmibtrt  and  Phabmact— 

cassia  ocoidentalis  (substitute  for  coffee) 123 

cinchona  barks 123 

mineral  waters 123 

vegetable  drugs 123 

INDIA— 

PONDICHERRY— 

CnionsTBT  AMD  Phabmact— 

coloring  materials 127 

gums 127 

isinglass 127 

oU 127 

perftimes 127 

resins 127 

tanning  materials 127 

NEW  CALEDONIA- 
MINING  Indubtbub— 

geological  formation  of  the  island 190, 191 

products — 

chromium 127, 190 

coal 191 

cobalt 127 

copper 147,190 

gold 100,191 

iron  127.190 

manganese 127 

nickel 127,170,190-193 

gamierite 191 

method  of  extraotion 191-193 

ferro-niokel 192,193 

properties  of 192 

in  German  silver 192 

alloys  with  iron 193 

pyrites 191 

exports- 
nickel— 

to  France 176,191noto 

OCEANICA— 
TAHITI— 

Chdostbt  akd  Pbabmacy— 

arrow-root 127 

piper  methysticnm  (yielding  alcohol) 137 
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FHANCI-:— Continuca. 
COLONIES— 

OCEANICA— 
TAUITI— 

ClIBMISTUY  AKD  PHABMACT— 

sandal- wood 127 

tonqan  beans 127 

vanilla 127 

REUNION  (formerly  Bourbon  Island)— 

CnP.MISTUY  AND  PHABJIACT— 

anj^wcum  fragrons  (flavoring  plant) 12S6 

vanilla 126,141 

method  of  cultivation 126. 127 

plants  brought  from  Mexico  126 

SAINT  PIEKRE  AND  MIQUELON— 
Chemistry  and  Puakxacy— 

abies  canad.  (used  in  beer  and  in  tonic  baths) rJ4 

coptisirif 134 

crude  drugs 124 

gaultheria  procumbens 124 

sarracenia  (remedy  for  small-pox) 124 

SENEGAL— 

Chexistuy  and  Pbabscacy— 

caoutchouc  124 

ground-nuts  (arachides) 124 

gum  Senegal 124 

vettiver 124 

Francq,  L6on,  director  of  the  Compagnie  Continentale  d'Exploitation  de«  Locomotives  sans 

Foyers  (Paris,  rnince).  improver  of  flrcless  l(»comotive  invented  by  Dr.  £.  Lamm 462-406 

illustration  of  It »comotivo  and  cai' 465* 

Franz  (\V.)  &:  Co.  (Vienna,  Austria),  general  drugs  and  chemicals 109 

Froscr.  Alexander  (Edinburgh,  Scotland),  printer,  inventor  of  type-composing  and  distributing 

machines 393 

Frazer,  alkaloid  extracted  from  bark  of  the  iciya 125 

Frazor  Lubricator  Company  (New  York  City),  axlo-grease 159 

Fredens-Mollo  (Island  of  Amack,  Denmark),  sulphuric  acid,  superphosphates 77 

Fredriksstad  (Norway)— 
chemical  industiy — 

oxalic  acid  from  sawdust 95 

Freeland,  Kobert  (South  Boston,  Mass.),  soaps 160 

Free  trade  {see  Protective  legislation). 
Freiberg  (Saxony,  Germany)— 
chemical  industry — 

sulphuric  acid 24 

mining  industry- — 

concentrating  silver  ores 301 

French  Guiana  (tee  France:  coloniet). 
Fresnes  (France) — 
mining — 

coal  discovered  ut  (1720) 176 

Freuud.  Louis  (La  Plaine.  Switzerland),  coloring  matto* 156 

Friedman,  ii^jcctor  for  locomotive  boilers 441 

Fritzscho  Brus.  (New  York  City),  essential  oil  of  poppennint 159 

Froidvent  (France) — 
chemical  industry — 

acetates 8C 

acetic  acid 8C 

l^iel- 

expedients  to  economize 10,23,26,35 

Austria-Hungary 438 

Belgium 285 

France 20.425 

Germany 49 

Great  Britain 88, 85^37. 39, 90,  £00, 211 

Sweden   264 
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Fuel' 

artificial,  briquettes — 

mamifoctare  and  coDBumpticm— 

France 182,183,187 

coal — 

in  oeramica,  glaas-makixig,  etc.— 

Great  Britain 210,211 

in  chemical  indafltrj *0 

Belgium 70 

lYance 22,47.78,80.82,84 

Great  Britain 35,88,210,211 

Italy,  wanting  in 92,94 

Norway,  wanting  in W 

Russia,  inaccessible 95 

Spain 90 

Switzerland,  wanting  in 97 

in  factories  and  general  manufactores — 

Great  Britain 210,211 

Spain    315 

in  gas  works 49, 60 

Australia 244 

Great  Britain 210,211 

Spain    . .   3ir> 

United  States 215 

in  household  and  general  use— 

Austria-Hungary 294,295 

Great  Britain 210.211 

in  mining  and  metallurgy — 

Austria-Hungary 294 

Belgium 'JK-2,291 

France .  177 

Great  Britain 210,211 

Greece 3S7,339 

Portugal * 328 

Russia 25U?u>te,  260 

Spain 315 

Sweden  (inadequate;  suppUed  by  importation) 203 

on  railways — 

Austria-Hungary 295,437-440 

France 177,425 

GrcatBritain 210,211 

Spain 315 

in  steam  navigation — 

Austria-Hungary 295 

France 177 

GrcatBritain 210,211 

Spain 315 

in  water  works — 

GreatBritain 210,211 

productio9  and  consumption — 

Australia 228,229,241-244.245 

Austria-Hungary 171,261,294-290 

Belgium 171.177,261.272,273-279,280 

Borneo,  Dutch  East  Indie* 344 

France 17i,  175, 177. 180, 181. 182,  IRi 

Gkrmany — 

Prussia 171 

Great  Britain 171, 197, 200. 201. 210, 211. 214, 215, 216, 217,218, 220, 225 

Greece 337.339 

Italy 117,223,307,308 

Portugal 320,328 

Russia 171,225,247,258,260,261 

Spain 171,225,313,314,310 

Sweden 171, 2C3 

United  States 171 
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PAffB. 

charcoal — 

in  mining  and  metallurgy' 

Banca,  Datch  East  Indies * 942 

Franco 175,1T6 

Italy aOfl^SU 

Knssia 266iiolr 

coke — 

prodnction  and  consomption — 

Auatria-Uungary 438 

France  183 

in  chemical  industry 46 

France 47 

GreatBriuin S3 

in  mining  and  metallurgy — 

Austria-Hungary 2M 

Bcl;!ium 288 

Franco 178^183 

Greece 09 

Spain 815 

Sweden 288 


for  driving  steam-engines 884^386 

rate  of  consumption 386 

peat- 
production  and  consumption — 

Belgium 272 

Franco 178,180,181 

Italy 887 

Netherlands 840 

Sweden ..63, 284 

United  States 381 

petroleum,  naphtha,  etc. — 

furnish  power  in  Dusaulz's  apparatus  for  the  instsntaneons  generation  of  steam 385-387 

illustration  of  apparatus 388* 

consumption  per  horse-power 388^  887 

wood- 
en railways — 

Hungary 441 

Fnenfkirchen  (Hungary)— 

coal  dei>08its   284 

Fnmagalli,  G.  B.  (Monfaloonc,  Austria),  pharmacentioal  specialties,  anatherine,  cod*liTer  oil,  etc.         108 
Furnaces  («0€  Machinery). 


Oabhro  (greenstone),  definition  of 287 

Gaboon  (ftf«  France:  colonies). 
Galena  (Ma  Mining). 
Gallois,  Dr.  (Paris,  France) — 

investigation  of  poisonoos  properties  of  er]rthrophl6ine  from  sassy  bark  of  West  AfHca. . .         125 

bark  of  the  ioiHiA 125 

Galloway,  process  of  extracting  iodine  fh>m  kelp 56 

Gantillon  (Lyons.  France),  use  of  thao  as  drening  for  textile  fkbrics 127 

Gamierito  («^«  Mining). 

Gamier,  Jules,  discoverer  of  gamierite  (nickel  ore) 101 

pap<*r  on  tho  nickel  industry  in  New  Caledonia,  dted 101 

exp<*rimcnt8  in  nickel-working 191, 192, 193 

Gartembcrg,  Lauterbach,  d&  Goldhammer  (Drohobycs,  Galicia,  Austria),  "  Apollo  fkt,"  vaseline, 

from  potn>leum 161 

Gas  (W0  Fuel). 

Gas-engines  {*tt,  aUo,  Machinery) — 

Rei*ort  ox  Steam  and  Gas  Exouncs,  by  Akdkxw  J.  Swxbkit  {indtxsd  under  Machinery).  383-387 

Qos  works,  coal  consumed  in 49^60 

soda  to  be  obtained  fhmi 48^60 
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Pikge. 
GAtesheMi-apon-Tyne  (BngUmd)— 

raUway  apparatiu  maauiketiired — 

Baddle-tank  locomotive,  narrow  ^age 450*,  451 

Gaols  (ancient) — 

early  metallurgical  indostry 174, 175 

Oantier  Sl  Mairease  (Pien^B6nite,  France),  soda,  potaah,  chloroform,  ether,  etc 70 

Gaya  (Moravia,  Austria)— 
chemical  industry — 

essential  oils 109, 110 

anise 100 

carraway 109 

fennel 109 

fruit  essences 109 

Gay-Lussac,  Joseph  Louis  (France),  chemist,  inventor  of  sulphuric  add  tower 16, 17, 18, 10, 2G 

Gearing  (tee  Machinery :  transmission  of  power). 

Geigy,  J.  R.  (Basle,  Switzerland),  chemical  coloring  matters 156 

Gelis,  process  of  producing  cyanides 61 

General  Omnibus  Company  (Paris,  France),  style  of  street-railway  cart  used  by 459-461 

General  Sulphur  Company  (Brescia,  Italy),  sulphur 93 

Geneva  (Switzerland) — 
manufactures — 

watches 407 

National  Observatory — 

observations  on  watchea 412 

Genna-Arenas  (Sardinia,  Italy) — 
mining  industry — 

zinc 800 

calamine 310 

Genevilliers  (France)— 
chemical  industry- 
alum - 67 

alumina,  sulphate 87 

Genoa  (Italy) — 

chemical  industry — 

mannite 142 

quinine,  salts 142 

mining  industry — 

lead-reflning  works 307 

Georgia  («e«  United  States). 

Gerber  (A.)  &.  Uhlman  (La  Plaine,  Switserland),  chemical  coloring  matters 156 

Gerlach,  G.  T.  (Kalk,  Westphalia,  Germany)— 

method  of  producing  ammonia  salts  from  gas-water 49 

sodium,  sulphate  and  nitrate 46 

GERMANY  (ms,  dUo,  Aixla-Chapelle,  Dresden,  Oberhanson, 

Baden,  Freiberg,  Schaike, 

Bensberg,  Grevenberg,  Stassfrirth, 

Berlin,  Kalk,  Uekerath. 

Black  Forest,  Hayen,  Wiesloch)— 

Borbeok,  Nordhaosen, 

AOBICULTUBB— 

beet-root  sugar- 
potash  deri ved  fh>m  the  residnes 30 

Juice  decolorized  by  alnmjninm,  hydrate 58 

CBRAMICfr— 

chemical  apparatus — 

fire-clay  tubes  in  ftiming  sulphuric  acid  manofkoture 24 

Chbmibtbt  akd  Piiabmact— 

condition  of  the  industry 73 

manufsctniea — 

alizarine 100,104 

aluminium,  hydrate,  for  decolorizing  beet-ro«t  sugar 58 

benzoic  acid 64 

chlorine 53,54 

oyanidea 60 

nitrate  of  potash  (saltpeter) 28 
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GERMANY— Continned. 

CHEMUTBY  and  PlfAUMACT— 

maDufactures — 

potUBh  from  beet-root  sugar  refuse 30 

potassium  salts 28-32 

soda 82,33,77,89 

ammonia  process 46,4^ 

ammonia  salts 49 

sulphuric  acid 9-21 

residues  from 13-15 

copper 13 

iron  oxide  (for  pigments) 15 

fbming  (Nordbausen) t:2-2.'» 

vanilla,  artlfloial 89,170 

machinery,  apparatus,  processes — 

furnaces  for  burning  pyrites 10-13 

sulphuric  acid  towers   17 

distillin<;  fuming  (Kordhausen)  sulphuric  acid 23-25 

producing  crude  soda 39 

precipitating  bicarbonate  of  soda 4* 

fiiel  in  manufacture,  expedients  to  economize   49 

operatives — 

work  performed 47 

expe(  ients  to  economize  labor 4S 

products,  by-products,  materials- 
acetic  anhydride 71 

acids— 

arsenic 106 

benzoic 04 

sulpholeic 106 

sulpho-ricinic 106 

sulphuric *. 0,24.25.100 

fuming  (Kordhausen) 22,24 

vauillio To 

alcohol 31 

ooniferyl 70, 71 

aldehyde,  methylprotocatechuio 70. 71 

salicylic 71 

alizarine 100, 104, 106 

blue 106-108 

alumina 106 

aluminium,  hydrate 58 

ammonia 31 

salU 107 

anhydrite 31 

anthracene 104 

baryta 106-lOx 

bauxite 77 

benzoic  acid  Gt 

boraeite 31 

bromine M 

ealeium.  ebli>ride 107 

camellite     31 

ehlorine  53 

chrome 106,107 

cloves,  oil  of 71 

conif.Tin 69l  70 

conifervl  aleohol 70.7! 

cyanides 60 

dextrine    107 

eugeiiol ^. 71 

glaulHT  Haltji 31 

;:lycerini« 106.107,108 

guameol     71 

iron 106*107 

oxide 15 
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0£BMANY— Contiiiued. 

CHBMI8TBY  AND  PlIAOlCACT— 

prodaots,  by-products,  materials— 

kainite 31 

klsaerite 31 

lime 106 

acetate 107 

chloride 107 

magnesia  31 

magnesiom,  chloride 108 

methyl-protocatechuic  aldehyde 70, 71 

methyl-pyrocatechin 71 

nickel,  oxide   106 

oil  of  chamomile 109 

clovea 108 

olive 71 

phenol 70, 71 

potash — 

from  beet-root  sagar  waste 30 

bichromate 107 

nitrate?  (saltpeter) 28 

potasaiam,  carbonate... 31 

chloride 29,31 

ferrocyanide 107,108 

salts 28,29 

Arom.Stassfurth  deposits 28^29,30-32 

suint  of  wool    29 

sulphate 21 

purparine 106 

pyrites 9,13,15,19.74 

salts  (»ee,  cUso^  Stassfurth  deposits,  beUno)^- 

glaaber 31 

potash 28, 29 

saltpeter  (nitrate  of  potash) 28 

soda 32,33,48,77,89 

phosphate 107 

stannite 107 

StasHfarth  deposits    28,20,84 

bromiiim 64 

potassium  salts 28,29,30-32 

strontia 106, 108 

snipholeic  acid 106 

snlpho-ricinic  acid 106 

sulphuric  acid 9, 24, 25, 106 

fuming  (Nordhauscn) 22, 24 

anhydrides 24,25 

tachyhydrite 31 

tin 106 

vanilla,  artificial 69 

vanillic  acid — 70 

vanillin    70 

zinc 107 

exports- 
alizarine  104 

imports — 

cod-liver  oil- - 

from  Norway 148 

perftimery — 

from  Franco 116 

soda — 

from  Great  Britain w 80 

MACHINKhT— 

chemical — 

chlorine  manufacture— 

Jetzler  s  apparatus    53 

Deacon  Sc  Hnrter's  apparatus 58 

Ilnsenclovcr's  npparatus 64 


I 
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4  GERMANY— Contiiined. 

/  Machinsbt— 

f  chemical — 

p  soda  nianafacttire — 

'  crystallizing  reservoirs 80 

i  ammonia  process,  Honigmann 48,47 

Schalke 48,47 

De  Gronsilliera 48 

Siemens 48 

regeneration  of  sulphur  from  soda  waste,  Shaflher  &  Helbig 40* 

/^  sulphuric  acid  manufacture— 

I  pyrites-burners 10, 11,12 

*  Glover's  tower 17 

"'  Winkler's  sulphuric  anhydride  process 24, 94 

;  Walter's  sulplinric  anhydride  process 35 

;.  metal-working — 

\                                                       nickel— 
y  refining,  reverberatory  furnace m 

\  MXTAL-WORKIXG — 

»  brass  manufacture 290 

'.  gold  adopted  as  monetary  standard 197 

nickel  manufacture 271 

*  steel  manufacture 430 

MDOKO  IlfDUBTRIEB— 

;                                                      coaldeposits 294,295 

l                                                          trade  with  Austria 295 

dynamite,  giant  powder,  used  in  blasting 184,185 

experiments  by  Prussian  Government 184 

zinc — 

location  of  deposits 255 

f                                                         occurrence 255 

mines 287 

works 287 

,'  production  and  consumption — 

/                                                           calamine 387 

j  coal 177,215,225,281 

"^  copper 222,261,287 

gold 197 

iron — 

Spiegel 206 

'  pig 2«1 

wrought 261 

lead ..218.223,287,290 

nickel 271 

pyrites 328 

*■  salt - 261 

^.,  silver 173 

*  steel 206,261 

tin 212,221 

zinc 206,224,255^287 

exports — 
coal- 
to  Austria 204.205 

Knssia 261 

copper- 
to  Russia  261 

iron — 

to  Belgium 281 

Great  Britain 906 

Russia 261 

salt — 

to  Russia 261 

steel- 
to  Great  Britain  906 

Russia 281 
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OKSa£AJSfY—Cantbmed. 

MiNINO  INDUSTBUS— 

expoitB— 
pyxiteA— 

to  Great  Britain 13 

zino— 

toFranoe 175 

Great  Britain 206,214.224 

importa— 
ooal — 

from  Austria 205 

Great  Britain 215,225 

copper — 

from  Great  Britain 222 

iron— 

from  Belgium 281 

lead — 

from  Great  Britain 223 

nickel— 

from  Norway 271 

silver — 

trom.  Austria 301 

tin— 

from  Great  Britain 221 

Sailwats— 

excellence  of  the  system 423 

noexhibit .' 423 

standard  gage 440 

Westinghouse  air-brake  used 467 

STATES  AND  PROVINCKS— 
PBU88IA— 

CHUaCAL  INDUSTBT— 

mannfrtctures — 

coniferin 1 TO 

cyanides 60 

soda 48 

materials- 
pyrites  0 

liDTiNo  Ihdustrhs— 

production  and  consumption- 
coal 171,204,205 

iron 172 

ore 172,281 

pig 172 

wrought 1 72 

lead 172 

steel 172 

sine....: 173 

exports — 

ooal  to  Austria 204,205 

iron  to  Belgium 281 

imports — 

iron  from  Belgium 281 

dynamite,  giant  powder,  used  in  blasting 184,185 

experiments  with,  by  the  goyemment 184 

SAXONY— 

Chsmical  Industbt— 
manufactures— 

faming  (Nordhausen)  sulphuric  acid 24 

hydrate  of  aluminium  for  decolorizing  beet-root  sugar 58 

MXNIKO  iNDUSTRIBfr— 

coal,  lignite 206 

silver  working 801 

imported  ft'om  Austria 801 
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GERMANY— Continued. 

STATES  AND  PROVINCES- 
SILESIA— 

MiNIN'G  I.NDUBTRIB8— 

production  and  conBumptioi 

coal,  anthracite 2N 

zinc 175ka4 

exports — 

coal  to  AuBtria 21! 

zinc  to  France 17* 

GreatBritain XLi 

THURINGIA— 

Chkmical  Ikdustht— 
materiala — 

coniforin 60,71 

FOKESTUY — 

snpand  boat  of  fir  trees  used  in  cbemical  indnatry M 

WESTPHALIA- 
CHEMICAL  IN'DUSTRT— 
niannCiotnrca — 

ammonia  salts H 

BOda 44^41 

materials — 

pyrites U 

free  from  copi>er M 

arsenic IS 

phosphoms Ij 

available  in  Bessemer  steel  maanfkctiire H 

yield  thallium 74 

Mining  IxprsTuiEs— 

I'ont 

spicp-l-iron  oxporird  to  Great  Britain. 

Bteol  cxiKirti'd  tc»  Great  Britain 

Gerona^  provinces  of  (Spain) — 
mining  induHtry — 

C4>al 311 

lipnito 8U 

Gerrard,  A.  W.  (Tx)ndon,  Enf^land),  organic  proximate  principles,  salts,  acids,  aloin 121 

examination  of  Australian  pitnri IB 

GeraU'nhofer,  fiimaco  for  Iniming  pyrites 11 

Ghedi  (Italy)  - 

peat,  annlyniH  of 3gy 

Gibb  Sc  Giltharp  ( En^Lir.d),  rcvolying  furnace  for  calcining  pyrites  residuum 14 

method  of  extracting  copper 14 

Gidney,  Clark,  Sc  C^o.  (London,  England),  drugs,  resinA US 

Gigon  (Pans,  Franco),  uarccine m 

Giraud  (Franco)- 

chemical  induntry — 

roagnedia M 

potash 81 

80«la M 

Girgcntl  ataly)— 

chemical  industry — 

sulphur n 

Glaizat  &,  Pellionx  ( Franco),  distillation  of  iodine  fVom  kelp 51 

Glaizot  Broth(>r8  (AlH>rvrach,  Finist^re,  France),  iodine  fh)m  sea*weed,  potash,  bromine O 

Glasgow  (Si'otland) — 
chemical  induHtry — 

Clis.  Tonnaut  &  Co.'s  Saint  Rollox  Works Sa^M^M 

iilkalios M 

boraU'8 SB 

chlorine B 

niangnnoflo,  oxide 90 

poda    90 

carbonate W 

nulphnr ...••••.  M 

alumina,  phosphate in 
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chemical  induHtr>' — 

ammonia,  sulphate 00 

bromine 90 

chloi'icalcinm ' 00 

citric  acid 01,131 

iodine 50,00 

limo,  acirtatc 00 

phuRphonia 01 

soda OCi,  01 

potaah.  cblorato 00 

pruHsiate 01 

potii8«ium,  bromide 90 

chlorido 00 

iodido 90 

GLASS— 

articles  manulacturcd — 
chemical  apparatus — 

retorts  i or  concentratini;  sulphuric  arid 21 

replace  stone  ware  in  nitric  acid  roanufactunr    26,27 

vessels  eouted  ^v  ith  platinum  as  substitutes  for  aolid  platinum C8 

desiccating  bottles Ill 

materials — 

ammouia^oda — 

carbonate  (for  fine  qualities  of  crystal  iiud  plate)    47, 76 

silicato 51 

Gteliiuj;  preparations 60 

suud:  licl;;inm 272 

sodium,  sulphate 

modi:l8of  mines,  exhibited   188,180 

fuel  used  in  manufacture :  Great  Kritain '. 210,211 

ilccoratiou — 

pi;;ments  fh>m  uranium  ores    301 

(ilover,  John  (Noweastle-on-Tyno,  HugLind),  inventor  of  sulphuric  acid  tower 17 

Gltjver  tower 13, 1(»,  17, 18, 10, 78 

Goilart  &  Cont<inau  (Paris,  France),  crucllleH,  etc.,  of  plat  inum 87 

G<K'bel  (Belgium),  apparatus  for  inanufacturiu;^  nitric  acid 27 

Gold  («M  Chemistry ;  also,  Metal- working ;  alto^  Minin;;). 
Gold  Coast  (9ee  France :  c(donien). 

Golding.  Davis,  St.  Co.  ( Widnes.  England),  soda,  chloride  of  lime 80 

(jooil  Hope,  Cape  of  {Mce  Great  Britain:  colonies). 
Goroblagodatsk  (Ural  Mountains,  Bussia) — 
mining  indust  ry — 

platinum 250 

Gosaage,  TV.  &  F.  II.,  (WidncH,  I3ngland),  tinimonia  soda  niiinufacturing  prnc<>ss 44 

Gothcmlwurg  (Sweden) — 
chemical  industry — 

malt  extract 153 

Gourayas  (Algiers,  Algeria)— 

iron  and  copper  mines 189 

Govornment,  American  («e«  United  States). 

Grabowaky,  quoted,  on  the  production  and  uaca  of  ozokerit  and  paraffino 71, 72 

Graebo,  C.  (Geneva,  Switzerland),  Sc  Liebcrmann,  C.  (Berlin,  Pmaaia),  diacovery  of  properties 

of  alizarine 100 

Graham,  Thomaa  (London,  England),  investigation  of  the  propcrtica  of  palladium 00 

Gran,  C.  K.  (Bergen,  Norway),  cod-liver  oil 146 

Grand-Combe  (France)— 

early  coal-mining 176 

Grondola  (Portugal)— 
mining  induatry— 

copper  pyritea 320 

Grandval,  A.  (IU>ima,  France),  vegetable  extnu^ta 117 

Graphite  dee  Mining). 
Graate  (Franco) — 

chemical  induatry — 

perftnnery  from  flowers —       -     115 
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Gratz  (Styrla,  Anttria)— 
chemical  indastry — 

superphosphates 57 

Gray  (En^^land),  ammonia-soda  monnfactaring  prooets 44 

GREAT  BRITAIN— 
Cbraxics — 

chemical  apparatas— 

atone- ware  recipients  for  nitric  acid 2«  J7 

replaced  by  glass 3G 

CUBMIBTBT  AND  PlIAIUlACY— 

exhibit,  chemical R7-81, 157 

pharmacentical 128-131 

exhibitors,  nomber  of 7 

awards,  number  of 7, 8 

condition  of  the  industry 8,73,87-80^128 

manufiMtnres— 

alizarine,  anthracene 100,104 

alum  cakes 58,91 

displaced  by  sulphate  of  alnmininm r>7 

in  paper  manufacture 57 

dj-eing  textile  fabrics 57.58 

borax 59 

chlorine  and  bleaching  pow«lf  r 51-^.  89 

cyanides 00 

io<lino 50,56,80 

nitricacid 28,27 

opium  and  preparations 129,130 

ozokorit,  illuminating  oils,  parafllne,  etc 72 

pills 130 

platinum,  etc.  {see  Metal- working,  below). 

soda 32-^1 

ammonia 44, 45 

used  in  ultramarine  works 46 

glass-works 48.47 

capital  invested  in  the  industry 88 

crude 3; 

hydrochloric  acid 34,d0^37,45 

sulphate 33,34 

waste,  regeneration  of  sulphur  fhim 38,30,43.90 

sulphuric  acid 0-25 

residues  of  burnt  pyrites 13,235 

Bessemer  material 14 

copper 13, 14 

gold IS 

oxide  of  iron  (for  pigments) 15 

silver 13,14 

fuminz  (Xordhansen) 24,25 

manufacturing  processes,  apparatus,  machinery 89 

chlorine — 

Wvldiin's  process  for  regenerating  oxido  of  manganese 52, 53, 78, 79, 80, 84. 90 

Deacon  &  llurter's  process 53 

.    great  cost  of 53 

difflcultiesin 53.54 

cyanides — 

firom  waste  of  gas  works   00 

nitric  acid — 

distilling  apparatus  of  stone  ware — 20,27 

soda 32,78 

sulphate  of  soda  furnaces .  33,34 

cost 54 

Ilargreavcs  &  Robinson's  process  34, 35, 30. 45.  HO 

great  cost  of  : 35, 3C 

hydrochloric  acid,  Jones  Sc  Walsh's  process  of  condensing 30, 37 

cmde  soda  fdmaccs JI7 

Hactear's process 37,45 
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ClIKinBTRT  AND  PnABMACT— 

maunfflotaxing  proceaaes,  apparatna,  machinery — 
aodo^ 

evaporation  of  1  j'o 39 

caldninp:  fhmaco 30,00 

waate,  regenerating  aulphur  finom,  Maotear*8  proceea 43,90 

coatofplant 43 

ammonia  proceaa 44,45 

from  illominating  gaa  worka 40,50 

aulphuric  acid — 

pyritea-bumora 10, 11, 1'J,  IM 

fumacea  for  extracting  pyritea  reaiduea 13, 1 4 

vitriol  chambera 15 

Glovor'a  tower 13,16,17-10,78 

concentrating  apiMkiatna 19-22 

platinum 10,20,21,04-60,90,91 

coatof 19,20,25 

glaaa 21,22 

fuming  (Nordfianaen)  acid,  platinum  apparatna  for  diatilling 25 

ftiel  uacd — 

coal 35,87,87,90 

coke 17,18,33 

economy  in • 82,35,37,39,90 

pro<lucta.  by-prodncta,  materialn 
acida— 

acetic 00 

boracic 59,92 

carbolic 130 

cetylic 129 

chryaophanio 129,130 

citric 01,131 

gelaominic 130 

hemipinic 130 

hydrochloric 34,38,37,43.45,53,00 

hyporuthenio 67 

nitric 15,28 

oleic     , 129 

opianio 130 

oamic 07 

stearic 129 

aulphuric 9, 15, 34, 30, 43, 43, 54, 58, 90 

fuming  (Nordhauaon) 24 

theobolactic  129 

valerianic  131 

alizarine 100 

alkallea 32  73,89,99 

aloin 129 

alum 58,91 

aluminium 48 

phoaphato 131 

aiilphate 68 

alumioo-ferric  cake  (for  purifying  wator) 91 

•     ammonia. 44-50,90 

chloride 47 

aulpliate 00 

aniline 16 

anthrac-ene  104 

antimony 54 

apomorphino 129 

hydT  ocblorato 129 

ai'senic 14,54 

ImrUaloln 129 

barium,  carbonate 90 

bauxite 91 

bensine 72,131 
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Chbmibtrt  and  Phabmact— 

prodnctB,  by-prodnots,  materialB— 

biliary  matter 129 

black  aeh  (tee  soda,  beUno). 

I                   bleaching  powder 68, 81 

f                   boldo 130 

borax 59 

bromine 90 

cadmiunif  salts .' 12D 

caffeine 129 

calciom,  carbonate 4S 

camphor 129 

monobrom 129 

capsaicine 129 

carbon — 

■                         solphido & 

tetrachloride 89 

charcoal,  sea-weed 99 

chloricalcinm 9U 

chlorine 51-54,89,90 

chloroform 13"^ 

coal 50 

coca 130 

codeine 129 

cod-liver  oil 129 

coke 17,33,72 

colchica 130 

copper : 13,14 

sulphate 53 

salphide 14 

coto — 130 

creosote 130 

cresol 130 

cnrarino 130 

cyanides 38,90 

dimethyl 130 

duboisia 130 

eggs,  spirit  of 131 

eucalyptus,  preparations  of 131, 135 

extracts. 129^130 

Fowne*s  artificial  alkaloid 129 

ftnit  essences 128 

fnrfurine 129 

gaduine 129 

gelatine  preparations 130 

glycecolls 130 

glycerine 129;130 

,                  gnoscopine 129 

gold 18 

guarana 130 

hy  drocatam  ine 129 

hypophosphates 131 

iodine 55.60,88,90 

\                  iron 13,14 

arsenate 14 

oxide 15^38^39,48 

Jaborandi 130 

JuJubo 130 

kelp 55^56 

lavender,  oil  of 67 

,  lime 1^47.88 

acetate 90 

bisulphite.... 43 

caustic 37 

'                        chloride 89 

silicate 43 
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CHSinBTaT  AXD  PiLAJUfACT— 

products,  by-products,  materials— 

lithia,  citrate 128 

magnesia — 

calcined 91 

carbonate 91 

magnesium — 

carbonate 48 

platino-cyanide 67 

manganese 38, 90 

oxide 90 

pci-oxido 53,68 

meconine 129,130 

meconoiosine 129 

mercury    129 

morphine   129 

naphtha 72 

naphthaline 130 

tetrachloride 130 

naroeine 129 

narcotine 130 

nataloin  129 

nitro-glycerine 1« 

nor-narcotine 130 

oils,  essential 128,129 

of  layender 67 

peppermint 116 

verbena 131 

lubricating 72 

opium 129 

oxynarootine  129 

orokerit 71,72 

parafllne 72 

peppermint,  oil  of 118 

pepHin 131 

perAimes 13 1 

phenol 131 

phosphorus 91 

pUls 180 

pills 130 

pilocarpine 130 

salts 129,130 

platinum  (ses,  aiao^  metal-working) — 

bichloride 67 

chloride 67 

potash — 

chlorate 90 

citrate 128 

pmssiate 91 

snlpho-carbonate 89 

xanthate 89 

potassium^ 

bromide 90 

chloride 90 

iodide 14,90 

nirrate  (saltpeter) 88 

pyrites 9,13,14,88,222-231,235 

quinine 139 

rhodium,  sidio-chloride 67 

salt 13,14,84,35,47.88,90 

saltpeter  (nitrate  of  potassium) 88 

satin-white,  fh»m  barium 90 

silica 43 

silver   13,14 

iodide 14 
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CHIXIBTUT  AlTD  Phabmact— 

prodncts,  by-products,  materials— 

soap 131 

socaloin 129 

soda 14. 32-61.  77. 88. 80. 90, 9« 

bisulphate 16 

black  ash 89.90 

caustic 89,00 

crude 37-39 

crystals ^ 

lye. » 

nitrate 15.10,27.88 

phosphate 91.131 

stannato 91 

sulphate 33-37.89,90,91 

sodium — 

carbonate 48,67 

chloride 33, 34, 3«,  48. 67 

ferro-cyanide 38 

nitrate 13.45 

sulphate 14.34.39,89 

sulphide 14 

Bulpho^iiyanide 38 

sulphur 13, 39,  8b 

from  soda-waste 38,43.90 

chloride 89 

sulphuric  acid 9. 15. 34. 30. 43. 45. 54. 58^  90 

faming  (Nordhansen) 34 

anhydride 24.38,30 

thebaine,  hydrochlorate  129 

Termilion 129.13U 

zinc 88 

production  and  consumption- 
alum  91 

bromine 90 

chlorine,  bleaching  powder 8B 

iodine 89,90 

lime 68 

limestone M 

manganese,  peroxide 68 

ozokerit 71 

pttash,  chlorate 90 

potassium,  bromide 90 

chloride 90 

iodide 90 

pyrites 9,68 

salt 8j< 

soda 27. 49, 50,88,00 

soda,  nitrate 88 

sulphuric  acid 9 

used  in  preparation  of  fertilizers 0 

soda  and  other  manufactures 9 

imports— 

boracio  acid— 

ftom  Italy 91 

borax — 

fhmi  Asia  Minor 50 

cod-liver  oil — 

fh)m  Norway 129. 148 

eucalyptus,  oil  of— - 

from  Australia 135 

iron,  ohromate— 

fhmi  Siberia 18 

manganese— 

from  Spain  96 
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Crkmibtbt  and  Phabmact— 
imports- 
nitrate  of  soda 88 

from  Peru 2T 

osokerlt— 

fhmi  AuBtriA 7*.' 

perfumery — 

fh»m  France 116 

pyrites 88 

from  Portugal 13 

Spain 13,96 

Westphalia 16 

salt— 

from  Spain 06 

saltpeter .' 88 

snlpbnr 88 

fromSpain 96 

sulphuric  acid  residues— 

firomOermany 13 

wines,  Madeira,  lh>m  Portugal 150 

Port,  fh>m  Portugal 160 

exports- 
alkalies 32 

to  Austria 73 

United  States W 

bleaching  powder- 
to  United  States 09 

soda 88,89 

to  Belgium.... 89 

France 77,89 

Germany 89 

Netherlands 89 

Bnssia 89 

UnitedStates   89,99 

operatives — 

number  employed,  in  soda  industry 88 

wages  in  soda  industry 88 

■kiUed  labor  superseded  by  machinery 82,80,30,89 

Clocks  and  Watcbbs— 

exhibit 405 

watches  not  maufaotured  by  machinery 408^  400 

system  of  manufacture 408 

imported  from  United  States 410 

Glass— 

chemical  apparatus- 
retorts  for  concentrating  sulphuric  acid 21 

replace  stone  ware  in  nitric  acid  manufacture 2b 

materials 

ammonia-soda,  carbonate,  for  fine  qualiticH  of  crystal  and  plate 47 

Hachikkbt  (including  tools,  implements,  appliances,  processes)— 

exhibit,  finest  in  Exposition 391 

accurate  workmanship  shown 801, 306 

little  novelty  in 301,306 

chemicals- 
superior  apparatus  employed 87.89 

chlorine  manufacturing  processes — 

Deacon  &  Hurter 52,63,64,80 

Dunlop S8 

Weldon  (regenerating  oxide  of  manganese) 62, 63, 00 

model  of  apparatus  exhibited 00 

nitric  acid  manufacture— 

stone>ware  distilling  apparatus 28,27 

soda  industry 32-61 

numerous  inventions  of  Apparatus  and  processes 82,80 
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Maciiixbkv— 

chpiiiicals — 

wxla  indastry — 

lai'i^o  inve«tment8  in  32,85 

ammoniii  process — 

oarly  patents  of  metho<l8 44 

Solvay's  (Belgian)  process  adoptiHl 4<S 

erode,  ftt>m  sulphate 37-39 

Elliott  &  Russell 37 

Hargreavcs  &  Robinson 32,38.45 

Mactear 37. 38;  39. 45 

snlphato  and  hydrochloric  acid  apparatuB— 

Har|;i  eaves  dt  Robinson 32,34.85,36 

Joucfldt  Wab»h 33,34.36 

Cammack  &  Walker 34 

sulphuric  acid  mauufacturo— 

pyritos-bumors 10, 12, 13 

Glover's  tower 13, 16. 17-19 

^'it^iol  chambers    15, 16 

concentrating;  apparatus 20-22 

platinum 20, 21. 25. 64, 65, 66, 00;  91 

cost  of 20. 25 

glass 21,22 

enf^ines — 

valve  movements 368, 3iC 

twin-cylinder  steam-engine :  Joseph  Bemays,  London,  exhibited. 382, 383 

illustration  of 3«!* 

tree-felling  engine  (saw) :  Ransomes,  Sims,  Sc  Head,  Ipswich,  exhibited 333, 384 

illustration  of 383* 

differential  compound  pumping  cn;;ines 384 

hoistiug  engines  and  machines 384 

traction  engines 384 

locomotives  (see  Railway  Apparatus). 

hydraulic — 

for  testing  tensile  strength  of  metals 396 

accumulators 398 

pumps 398 

rivet ers  for  boilers yjn 

machine  tools — 

drills 396 

gauges 306 

gear-cnttors,  dividiug  apparatus 397 

lathes 396 

locomotive  repairing  tools 396 

measuring  machines 396 

milling  machines 397 

quick-return  motion  on  shaping  machines 394 

screw-cutters 396 

small  tools 396 

surface  plates 396 

metal-working — 
Iron — 

smrlting,  nH*.ent  improvements 21 1 

platinum — 

"  autogenous  soldering  "  by  oxybydrogen  blowpipe 65 

pyrites  residues,  extraction  of  silver  from 13, 14. 235 

Gibb  &,  Giltharp's  furnace 14 

used  in  iron  smelting 235 

silver- 
Luce  &  Rosan  (French)  concentrating  process 187 

paper- working — 

printing  presses. 383 

type  composing  and  distributing  macliiuo 39C> 

•tone-drcHsing  machines:  Brunton  &  Trier.  London 308-400 

illustrations  of 890*.  400*,  401*.  402* 
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Haciunekt— 

watch-makins  machinery — 

not  employed 408 

diHbolicvcd  in ' 409 

Mrtal-workim;  inee,  also.  Machinery:  metal-working,  above) — 
alaminium— 

exhilntH 08,67,85 

chemical  balancoe,  optical  instromenta,  etc 85 

alloy  with  nickel 85 

silver *. 85 

copper — 

extracted  from  pyrites  residues 13, 14, 109, 203, 204, 205, 206, 207, 209 

silver  extracted  from  ores  of 208,200 

parts  of  locomotives 444 

gold— 

cont^iiued  in  pyrites  residues 13 

use<l  as  solder  fir  platinum 65 

iridium  (tee  platinum,  bdow). 
iron — 

pyrites  residues  used  in  smelting 199, 207 

lead- 
silver  extracted  from  oroa 208, 209 

nickel — 

alloy  with  aluminium 86 

manufacture    271 

osmium  {mcc  platinum), 
palladium  (see  iilatinum). 
platinum — 

metals  associated  with — 

iridium 65 

exhibit 65,66,91 

as  an  alloy  of  platinum 66, 68 

mathematical  instruments,  weights,  measures,  etc 66,68,69 

colors  for  i>orcolain  decoration 60 

osmium G5 

exhibit 63,66,91 

pointing;  peuA,  suspension  points 69 

I>alladium 65 

exhibit 65,66.69,91 

j>ower  of  absorbing  hydrogen 66, 69, 91 

points  of  iMiucih*,  lancets,  etc J..  68 

mathematical  instruments,  etc    W 

rhodium 65 

exhibit 65,66 

ruthenium 65 

exhibit G5, 66, 91 

exhibited 04,60,90,01 

manufiictui  iug  i)rocesses 04 

fusion 05 

autOjienouH  soldering  (by  ox3'hydn>;;eu  blowpipe),    05, 66, 68 

coatin;^  metallic,  eoramio,  and  glass  objecta  with 07, 68 

apparatus  for  concentrating  sulphuric  acid 20,21,25,64,65,06,01 

a^bestuA  preparati.m,  sulphuric  acid  man ufactui-u 24,25 

general  chemical  apparatus 66 

colors  for  ceramic  decoration 07, 68 

pyrites  residues — 

copper  extracted  fh>m 13,14,199,203,204,205,200,207,209 

gold  extracted  ftt>m 13 

silver  extracted  fh>m 13,14,208,209 

used  m  mauufucturing  Bessemer  steel 14 

iron-smelting  rumaoos 199, 207 

rhodium  (tee  platinum), 
mthenium  (tee  platinum). 
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Metal-wobkixg— 
silver- 
extracted  from  copper  ores 208,  C» 

leadores aw^as 

pyrites 13,li.S(M;W 

alloy,  with  aluminium 9 

steel — 

replacing  iron  in  railway  material 4V 

Bessemer — 

pyrites  residues  used  in  manafocturo  of 14 

low  cost  of 430 

parts  of  locomotives 44S,  444 

rails a' 

tin- 
plating  on  iron 3P? 

McmrO  IXDUBTBUtt— 

reporton 11H-2J5 

exhibit 1»4,1» 

littlo  novelty  in IM.W 

illiberality  of  exhibitors IW.IK 

condition  of  Uie  Industry- 
recent  prostration 1M.196 

review  of,  for  IMO,  1865, 1870-'77 lfl6-» 

extent  of  metal  trade 1M,*11 

market  prices  and  values 200,201 

fluctuations  in W 

ftt>m  improved  processes 19fl,isr 

new  sources  of  supply 196 

industrial  prostration 186 

diminishing  supply 196 

now  applications 186 

in  London,  the  standard 196 

of  clay 219 

coal 21«.217,218 

copper 218,217,218 

gold 218 

iron,  pig 218.217.218 

lowl 216,217,218 

salt    218 

silver 218.217.218 

tin    218,217.218 

zinc 218.217.218 

proc-esses — 

coal-cutting If? 

copi)er — 

extraction  fh)m  pyrites 197,203.204.205,20': 

smelting 200 

iron- 
smelting 195,211 

lead- 
smelting  205 

nickel-plating  181 

pyrites— 

inmoxtnict  ion  from 199,207 

coppr extraction  from 199, 203, 204, 20.\ 207, 233 

Hulphur,  etc.,  extraction  tmrn  (#««,  aZfo,  Chemistry. oftoM) 9,13.206,207 

hUver,  extraction  from 207,208,209^235 

silver — 

extraction  fn»m  copper  ores    208»  209 

load  ores 198,208.209 

pyrites 207.208,208 

silver  ores 208,209,210 

concentration   18T 

steel-making,  B(>ssemer 198^19? 

Siemens 198^18? 
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HmiNO  INDU8TRIB8— 

prooe«w»— 
tin— 

oouoentmtlou IM 

plnte-inakiug 202 

Buieltiug 239 

fino— 

smelting 20«,214 

produotiou  oiid  consumption— 

clay 199,218,219 

coal 171, 107, 20  \  201, 210. 211, 214, 215, 210, 217, 218, 220, 225 

usesof 177,210 

in  ceramic,  glaas  manufftctore,  etc 210, 211 

chemical  manofactare 210, 21 1 

gas  manofactare 210, 2 1 1 

bonsehold  porposes 210, 21 1 

metallorgy 211 

of  copper — 211 

Iron :        210 

lead 210 

tin 210 

dnc 210 

mining 210,211 

raUways 210,211 

steam  navigation 210, 211 

steam-power  in  factories 210, 211 

waterworks 210,211 

exported 210,211 

coke 225 

copper 197, 198, 201, 203-205. 200, 207, 208, 209, 213, 210. 217, 218. 219, 220, 222, 241 

pyrites 13,203,204,208,209,213 

galena 205 

gold 197,207,218,219 

grapliite —         190 

iron 190,198,199,200,220 

bar 172 

ore 172 

pig 172,190,200,201,210,217,218,219 

Spiegel 200 

lead 172,197,198,205,209,213,214,210,217.218,219.220,223 

pyrites 9,199,200,207,214.218,220,224,235 

salt 199.218,219 

tUver 197,198,207-210,210,217,218,219 

steel 172.190,200 

snlphnr 200,207 

snlphoroos  acid 200,207 

sine ..173, 198, 199, 200, 214, 210, 217, 218. 219, 220, 224, 305  note 

tin 190,198,202,203,212,214,210.217,218,210,220,221 

exports 201 

ooal 210,211,214,220,295 

toAlgeria 189 

Chili 215,225 

Denmark 225 

Egypt 226 

France 177,214,225 

Germany 215,225 

India 215,225 

Italy 225,308 

Netheriands 225 

Portugal 323 

BnssU 225,201 

Spain 225 

Sweden. 225,203 

United  State* 215,225 


572  INDEX. 

6BEAT  BRITAIN— Continued, 

MiKCfO  INDUBTBIB8— 

exportA— 

copper   20i,SB 

to  Franco 175^222 

Germany 222 

India 213,222 

Italy 222 

Netherlands 222 

Ramda 222,261 

Unitod  States 213,222 

inm  214.230 

to  Russia 261 

lead 30S.220 

to  China 205.218,22) 

France 175,213,228 

Germany , 213.223 

India 223 

Bnssia 218.214,223 

United  States 205,213,214,223 

pyrites 230 

salt— 

toRuasia 281 

silver 206 

steel — 

toRnssia    261 

tin 220.221 

to  Franco 221 

Germany 221 

Russia 221 

Turkey rJl 

United  States 221 

zinc 214,220,221 

to  Australia 224 

Canada 224 

France 234 

India 2M 

Turkey 2SI 

UnitedStates 224 

imports 202 

oopper   908,203,220.222 

from  Australia 213, 222 

Bolivia •J22 

Canada 222 

Capo  of  Good  Hope . .    213, 222 

ChUi 213,222 

Cuba 222 

France 222 

South  Africa 222 

Spain 222 

Sweden  264.265 

sold — 

from  United  States  ...  350 

iron 206,220 

from  Alpreria 180 

Belj^ium 206 

Greece 339 

Westphalia   206 

lead 205,200,230 

fromAnntralia 223 

Belf^ium 223 

Franco •.'23 

Greece  200,218,228 

Italy 213,213,223 

Netherlands 223 
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MtNCrO  IlTDUBTBISS— 

imports— 
lead — 

from  Portugal 223 

Spain 200,213,223 

United  Statea 205 

nickel— 

flromNorway 271 

pyritea 200,207.220 

fromKethcrlanda 224 

Norway 214,224 

Portugal 214,224,322-331 

Spain 214,224 

aUTer 208,210 

from  United  Statea : 860 

•teel— 

ft^mi  Weatpbalia 206 

tin 202,212,220,221 

fromAoatralia 212,221 

Cape  of  Oood  Hope 212 

Chili 212,221 

Netherlanda,  Eaat  India  coloniea 212,221 

Peru 212,221 

Portugal 212 

Spain 212 

Straits  Settlements 212,221 

line— 

fromBelpium 208.214.220,224 

France 224 

Germany 206,224 

Greece 338 

Italy 224 

Netherlands   200,214,224 

Norway 224 

Sardinia 206,214 

Silesia 214 

Spain 214 

operatiyes— 

discontent   104 

wages— 

increase^- 

in  coal-mining 107 

dangers — 

explosions 184 

increased  cost  of  living 108 

ftiel- 

coal  (M6,  <U»o,  exx>orts ;  dUo,  prices,  above)— 

uses  of  (see,  aiso,  productionand  consumption,  above) 210, 211 

increased  cost 197 

expedients  to  economize 200, 211 

works  conducteil  abroad— 

borate-mining  in  Asia  Minor      50 

Vulcano,  Italy 02 

pyrites-mining  in  Portugal  214, 822, 331 

K4ILWAT8  (including  apparatus,  material,  flxturea,  etc) — 

exhibit 410,423 

showed  highest  type  of  European  construction 423 

eztcntof 420 

capital 420 

passengers  carried 420 

receipts 420,430 

fttmi  passengers 420 

fttright 420 

working  expenses 429 

ooat  per  mile 430,455 
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*  Bailwats— 


i 


I 

I 


1 


I 


\  speed  of  trains 4W 

*  operatives,  number  per  mile 427 

^  coal  oonsamc<l 210,811 

*  fixtures,  permAnent  way,  etc.-> 

i  depots,  buildings,  etc 42 

«  leoent  improvements , 428 

1  durable  character 420 

^  signaling  apparatus 4C7,' 

Saxby  &  Farmer's  system 467,- 

used  by  Pennsylvania  Railroad ^ 428 

i.  locomotives 448-449,451 

I  express  luwsenger  locomotive:  Sharp,  Stewart,  &  Co.,  Manchester,  exhibited.  .443, 444*.  445 

narrow  gage 451-454 

saddle-tAik  locomotives:  Black,  Hawthorn,  &Co.,  Oateehead-upon-Tyne,  ex- 
hibited  445,469*.  451 

locomotives  by  Fairlie  Engine  and  Rolling-Stock  Company,  Bristol,  exhibited.  461-«45l 

for  Venezuelan  Cknremment  railways 4SS*,4fi3 

\  adopted  in  Australia 4S2 

Ireland 4S5 

Mexico 482 

Norway 462 

Peru 452 

Russia 452 

Yenesuela 482,458 

Wales 452,456 

advantagesof 458,454 

narrow  gage 454,455^457 

useful  as  feeders  to  trunk  lines 454,455 

road  to  Dinros  slate  quarries,  Wales 455-457 

equipment  of 456^  456 

cost  per  mile 455 

recelpU 455,456 

locomotives  (tse,  aZfo,  locomotives,  ahw) 452 

passenger  cars 456 

speed  of  trains 456 

brakes  on  trains- 
requirements  of,  stated  by  British  Board  of  Trade 467 

Westinghonse  air-brake 467 

ENGLAND  (tea,  aUo^  Birmingham,  Durham,  NewcasUei, 

Blairstow,  Gateshead-upon-Tyne,  Newton, 

Bolton,  Ipswich,  Northwich, 

Bristol,  Kilbum,  Runcorn, 

Chester,  Leeds,  Sandback, 

Church,  Leicestei,  Widnes, 

'* Cleveland  District,*'       London,  Woolwich, 

Cornwall,  Manchester,  Yorkshire) — 

Devonshire,  "Middlesborough  District," 

MmiKO  AND  Mktalluuot— 

coal  deposits 215 

j  •  price 216^217 

^  copper-smelting 209 

A  lead,  price , Sl«,217 

pig-iron,  price 215  217 

pig-lead,  price 216^217 

tin- 
deposits  in  Cornwall  236,237,840 

Devonshire 310 

price 216^217 

,  zinc,  price 216^217 

IRELAND  (M«,  a!t*Oy  Cork, Dublin)- 
Chemibtrt  and  Phabhact^ 
manufactures- 
chlorine 88 

lime,  chloride • 
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IRELAND^ 

CUBMISTBT  AKD  PhABMACT— 

manofacturcs— 

magnesia,  oalolned 01 

carbonate 01 

■oda,  sulphate 80 

SCOTLAND  (Me,  aUo,  Edinburgh,  Glasgow)- 

CHXMIfiTBT  AKD  PHABICACT— 

mannfaotnree— 
aoida — 

boracio 50 

citric 00,131 

opianic 130 

theobolactic 1 20 

alumina,  phosphate 131 

bromine 00 

charcoal,  sea>weed 00 

chloricalcinm  (disinfectant) 00 

chlorine,  bleaching  powders 53 

chloroform 130 

iodine,  fhmikelp 65,56,00 

competition  fh>m  South  America 55,56 

residues  utilized  as  a  deodorizer 56,00 

manganese,  oxide,  regeneration  firom  soda  waste 00 

opium 120 

preparations  of— 

alkaloid,  Fowne's  120 

apomorphine 1 20 

cafTeine 120 

codeine   120 

cryptopine  120 

di-,  tri-,  tetra  codeia 190 

furfurine,  nitrate 120 

gnoscopine 120 

hydrocotamine 120 

meconine 120 

meconoisine 120 

morphine  120 

narceine 120 

narcotine 130 

nor-narcotine 130 

opianicacid. 130 

oxynarcotino 120 

thebaine 120 

theobolactic  acid 120 

phosphorus 01 

potash,  chlorate 00 

prussiate 01 

potassium,  bromide 00 

chloride 00 

iodide 00 

soda 80,00 

caustic 00 

phosphate 01,181 

staonate 01 

sulphite 01 

imiMtrts— 

boracio  acid  firom  Asia  Minor 50 

IfUmVO  AND  Mktallubgt— 

operatives,  wages  of 107, 108 

increased  pxioe  of  living 108 

pig-iron,  price 216,217 

Ix^-head  coal  deposits 244 
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WALES  (set,  alto,  Blnney  Quarry,  Dinroa,  Festiniog,  Port  Mftdoo,  Swaaaea) — 
Chbmistut  axd  Phakmacv— 

ozokeritdepoflita. 71 

Mining  and  Meiallubgy— 

coal  deposits 315 

uaeil  on  railways  in  India 212 

cpppor  smeltinj: 31.'> 

pig-iron,  price 216, 217 

zinc-nmelting 338 

Ratlwats— 

narrow-;;a;;c  road  to  Dinroa  alatc  quarriea 4a5-457 

oquipmvntof 453,436 

coat  ptT  milu 4^ 

reccipta 450,436 

locomotiyoa 452, 456 

pasacu'zcr  cora 45G 

ap<-cd  of  traina 456 

COLONIES- 

AUSTRALIA  («««,  also,  Avoca,  Gul;;on^^  Stroud. 

Ballarat,  Lithgow  Valley,  Talbot, 

Dowcnfola,  Mr-lboumo,  TuUawanp:, 

Diin-a,  Muont:t,  V.ilj  of 'Jl\v.\dd, 

Capo  Paterson,  Xowcastlo,  WuUaroo, 

Cud;;c;;onj;,  Sydney,  Waller.iwanjr)— 

Eslvbank, 
Chemistuy  am>  Phakmacy— 

ouculyptiis  pM'par.itioua  (see,  also,  Forestry,  below) l:!8,134.133 

kvrost  n'>-Hli:ile  illauiinatin;;  oil 244 

exports — 

eaaentialoilaof  eucalyptus  to  Groat  Britain 135 

FOIIESTUY  - 
cuealyptus— 

exhibit  of 128 

properties  of  (*fr,  a/*o,  Cheraiatrv) 134,135 

transplanted  to  Aljjeria  12«,i:;4 

Capo  of  Good  llopo 134 

Cuba 133 

Italy 134 

SiKxin 134 

Machixeuy  (iucludiDK  tools,  implements,  appliances,  proceaaes)—- 
metal-working — 

pyrites 235 

tin- 

revorberatory  amelting  fumacea 238 

mining- 
no  exhibit  of. 235 

;;old- washing,  cradles,  pans,  etc 235 

t iu-waahin;:.  Jigs,  slnicea 239 

MlNINO  iNDL'STniKS— 

report  on  22G-S4C 

exhibit 226 

mining  ai>pliances  not  ahown 22$-235 

geography  of  the  island 2ST 

politic  :1  diviaiont  (see  individual  colonies  ,beUyie). 

want  of  co-oi)eration  between 229 

geology  and  mini>ralog\- 227-331, 238, 237 

variety  of  minerala 228,229 

antimony — 

yield 245 

coal  241-244 

oconrrcnoo 241, 242, 343 

area  of  dopoaits 241,242,243 

quality 242,243 

yield 212,243 
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COLOXIES- 

AUSTRALIA— 

MiNINO  IHDUSTRXES— 

Tarieties  of  mineralft— 

copper 239-241 

ocourrence 239,240 

yield 239,240,241 

Kold 229-235 

occurrence 229, 280, 231 

qnillty 281 

discovery  of 231.232 

disconraged  and  concealed  by  the  Now  South  Wales  Government. .         231 

area  of  deposits 232 

yield. 232,233,234 

kerosene  sbalo,  bog-head  mineral    243,244,245 

occorrence 244 

analysis  of  244 

oUfrom 243,244 

yield 243,244 

quality 244 

used  in  (pu-making 244 

yield 244,245 

lead 245 

area 245 

neglected 245 

pyritea— 

treatment  hitherto  nnsuccessfhl 235 

quicksilver,  cinnabar 245,240 

sUver 235,230 

little  attention  given  to 235 

occurrence 230 

yield 230 

tin 230-230 

occurrence 230,237 

area  of  deposits 287 

discovery  of 237,238 

yield 237, 288.  »0 

processes,  appliances,  machinery- 
copper— 

smelting 240 

gold— 

quartz-crushing 232,236 

hydraulic  mining,  water  insufficient 235 

puddling 235 

cradles,  pans 235 

tin — 

smelting  in  reverberatory  furnaces 202,212,238.239 

washing  in  sluices  and  Jigs 239 

difficulties  fh>m  want  of  water 229,235,239 

writings  on  Australian  mineral  resources —       226 

referred  to  (tee  litt  under  Mining  Indnatries). 
production  and  consumption — 

antimony 229,243 

cinnabar 245,240 

coal 228,229,241-244 

boghead 229,244,245 

kerosene  shale 229,243,244,245 

oU 243,244,246 

copper 213,228,237,239-241 

diamonds 229 

gold 228,229-235,230,241,245 

iron 229,240 

lead 229,246 

pyrites 280,286,287 
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GREAT  BRITAIX— Continaed. 
COLONIES- 
AUSTRALIA— 

KiNINn  INDUSTBIES— 

prmliictioQ  and  consumption— 

quicksnver 228,245.246 

sapphires 2317 

sUvcr 229.284.235.236 

tin 106,198.202.212,228.236-239.340 

exports — 

bog-head  coal,  kc^rosfnc  shale t!44 

copper 230.240.241 

to  Groat  Britain.   213.222 

lead- 
to  Great  Britain  223 

tin — 

to  Great  Britain 212,221 

imports — 
zluc— 

from  Great  Britain .r 224 

NEW  SOUTH  WALES— 

sitnation  of 227 

CHKMISTBT  A3CD  PllAIUiACY— 

arrowroot 132 

cider 132 

glue 132 

kcroAene-shale  illiiminatlDgoil 244 

mineral  wat<*m 132 

vinegar 132 

wine 132 

MiNCiO  INDUBTBIEH— 

exhibit 226 

varied  mineral  resources 226 

geological  formation 227, 228. 230 

products- 
antimony  245 

coal 241-345 

area  242 

quality 243 

used  on  railways  in  India 242 

tested  at  Royal  Araennl,  Woolwich,  England 242 

yield 242,243 

price 242.243 

kerosene  shale,  bog-head 243,244 

yield 243,24:* 

area 244 

used  in  gas-making 244 

an  ilysis  of  244 

oilfrom 243.244 

copiKT 240 

gold. 230.231 

finem*ssof 231 

discovery  of,  conccale<1,  on  neoount  of  the  prnnl  colony 231 

ureo  of  deposits 2^! 

.Yield 232.233.234 

quart z-Htamping  mills 233 

lead 24:» 

area  245 

quicksilver,  cinnabar 245. 246 

silver 236 

tin 238.237,238 

area  of  deposits  237 

yii-ld 238 

'QUEENSLAXD^ 

situationof 227 
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COLONIES— 

AITSTRALIA— 

QUEBNSLAXD— 

CnKMISTRT  AND  PllAKMACT— 

anDatto 133 

arrowroot 133 

catechu  from  the  acacia  decnirens 128 

cinnnmir  acid 133 

(!o1semiiium 138 

pnms— 

acariod^i 133 

bnnya-banya 133 

limti  juice 133 

oil  of  leionn 133 

oranf^o 133 

pituri 133 

conrage-compellinir  qualitiea 133 

medicinal  and  chemical  properties 1 33 

qnaMia 133 

senna 133 

tannin 128 

tapioca 133 

verliena  essence , 133 

FORBSTBT— 

acacia  decurrens,  hark  of,  furuiKhes  tunnin 128 

MCflNO  INDUBTB]B»— 

exhibit 226 

geoIo£:ical  formation 227, 228, 280, 24 1 

products — 

cinnabar 24ri 

coal 241,242 

copper 240 

liold 230 

area  of,  deposits 232 

yield 232,233,234 

silver,  unimportant 286 

tin 287,288 

area  of  deposits 287 

yield 238 

SOUTH  AX'STRALIA— 

situation  of 227 

OlIKMIHTItY  AND  PllARlfACT— 

enrah-ptns  preparations 133, 134,13S 

oliv«^  oil 133 

winos 133 

Fl>RESTBY— 

eucalyptus 133, 134, 135 

mimosa  Imrk,  for  tannin;; 133 

sandalwood 133 

Mixncr,  Indubtriea— 

exhibit        22C 

geological  formation 227, 228, 241 

mineral  deposits 228 

copper...   228,230,240 

gold,  unimportant 233 

lead 24r> 

VICTORIA— 

situation  of 227 

Chkuihtky  an'D  Pharmacy— 

arrowitjot 132 

disinfectant  preparations 131 

eucalyptus  preparations 131 ,  132 

malt  li(|Uors 132 

mineral  waters 132 

perfume  from  the  acacia  pycnantha 128 

whisky 132 
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COLONIES— 

AUSTRALIA- 
VICTORIA— 

MiNIXO  IKDUBTBIBS— 

exhibit W 

geological  fonnation 228^  S80k  Ml 

prodaoto— 

antimony 245 

smelting  works 245 

coal,  not  workable 241,243 

kerosene  shales,  bog-head 244 

copper 240 

gold 130,231.241 

flnenessof 231,296 

area  of,  deposits 232 

yield 282, 23a.  234 

lead 345 

Bilver 2N 

tin 237 

yield 238 

WEST  AUSTRALIA— 

ChXMISTBT  AXD  PnABIIACT— 

eucolyptos  preparations 138, 134, 135 

FORBSTBY— 

encalyptos 133 

varied  properties  of 188-135 

CANADA  (tee,  also,  Brockrille,  London,  Mi)ntreal,  Toronto) — 

CHUCUTRY  and  PnARMACT— 

adds — 

hydrochloric 77 

nitric 77 

snlphurio 77 

drug8,cnide 112,128 

extracts,  vegetable 112 

potash 77 

exports— 

pcarlMh. 29 

MunXO  IXDUBTUIBS— 

exi>orts,  copper  to  Great  Britain 222 

importn,  zinc  from  Groat  Britain 2S4 

gold  {ite  British  Columbia,  below). 
BRITISH  COLUMBIA- 
MINING  Indi'stkirs — 
gold  and  silver — 

pro<luction. 847.349,858,354.356 

dep4^nds  on  water  supply 356 

export  to  the  United  States 347.348 

NEWFOUNDLAND- 

co<l-fl«hftry   148 

CAPE  OF  GOOD  HOPE— 

CHRMISTUY  and  PllARMACT— 

aloes 132 

bachn 132 

spirits 132 

wines  132 

FOREATnY— 

malariol  fi'vors  dispelled  by  planting;  the  eucalyptus  globulus 134 

HiNINO  INDUHTBIBA— 

copper — 

exported  to  Great  Britain 218,222 

tin- 
exported  to  Gn^iit  Britain  212 

CETLOX— 

ClISMlHTRY  AND  PlIAUMACT— 

products— 

aroca,  or  betel  nut 132 
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COLONIES- 
CEYLON— 

CHKMIBTBT  AMD  PHABIUCT— 

produoto— 

oardamon 128 

cinchona  bark 128,i:{2 

cinnamom 128. 1S2 

oil  of  citronella 182 

cocoa-nat 132 

dihada 182 

kekana 132 

ricinoB 182 

vanilla 128 

vitivort 128 

exiwrto— 

areca,  betel  nnt 132 

cinnamon  bark 132 

coooa-natoil 132 

plumbago 132 

FORESTBT— 

cinchona  from  Eooador  acclimated  in 137 

GmANA— 

Chkmibtbt  axd  Phabmact- 

arrowroot 132 

balata  (variety  of  gutta-percha  fh>m  the  "bully  tree**) 128,131 

properties  of 131 ,  182 

bay-mm 131 

caetor  oil  131 

coooa-nutoil 131 

copaiba 128,131 

flah-glne 131 

honey 181 

oil  of  onodaphne  opifera  (solvent  of  india-rubber) 128 

pepper 131 

ricinns  communis,  seeds 131 

rum 182 

tonqua  beans 128 

wourali  i)oison 128,131 

INDIA  («M,  a2«o,  Coorg,  Neilgherry  Hills,  Travaacore, 

Dodabetta  Peak,  Polney  Hills,  Wynaad)— 

Neddivattum,  Rungbee, 

Chkiobtbt  akd  Phabmact— 

cardamom 128 

castoroQ 142 

cinchona  (te^,  alto,  Forestry,  below) 128, 1 30 

preparations  of— 

amorphous  alkaloids  139 

cinchonidine 139 

cinchonine 189 

quinetum 139 

quinidine 139 

quinine 139 

processes  of  mannfactuie 189 

exports  to  England 189,140 

cinnamon 128 

medicinal  woods 135 

saltpeter 28 

vanilla 128 

vetlvert 128 

FOBBSTBT— 

sunflower  grown  as  a  preventive  of  malaria 185 

exhibit  of  woods  for  dyeing,  tanning,  medicinal  purposes 186, 1 86 

cinchona  tree— 

exhibit  of  bwk 186 
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COLONIES- 
INDIA— 

F0BE8TBY— 

cinchona  tr«X) — 

ita  occliniatiun  and  cultivation,  report  on,  by  Dr.  G.  C.  ]£  Birdwood,  quoted  136-1-Il* 

transplanted  from  Bolivia 137. 1> 

Colombia 13:,ia 

Ecuador 137.1S 

Peru 137.13* 

products  of  (see  Chemistrj',  above). 

MJKINQ  lNDUbTUIEt>— 

importa— 

coalfturo  Great  Britain 215, 285,;*; 

New  South  Wales*  Auatralia 34; 

burned  on  railways HS 

copper  from  Great  Britain 213,22 

lead  from  Great  Britain 23 

zinc  from  Great  Britain 214, 234 

JA^IAICA— 

Chemibtbt  ani)  Phaumact— 

beeswax I3i 

castoroU 131 

cocoa-nutoil 131 

dye-woods 131 

extracts  of  acacia  catechu 131 

oucalj'ptns  globulus  ■ 131 

hsematoxylon  campechianum 131 

oils,  essential— 

euc-alyptuM 131 

Juniper,  Burbadoes 131 

lemon 131 

nard 131 

orange,  Seville 131 

pimento 131 

oil  of  anacardium  occidentale 131 

moringa  pterygosperma 131 

MAURITIUS— 

Chkmistrt  and  Piiakmact- 

arrowroot 1J2 

nutmeg 13i 

tapioca 133 

vanlUa 60. 13:*.  141 

NEW  ZEALAND  («m,  uleo,  Cape  Coromandcl,  Otago,  Tuapeka. 

Nelson,  Thames,  West  Land) 

Mining  Induhtbik^— 

no  exhibit  of 1»-J2 

little  developed 3$ 

geological  formation 228, 230, 23:1, 243 

products— 

dnnabar,  quicksilver 24-> 

coal 343 

quality 244 

gold  230.231,233 

hydmnlic  waahing 333 

profluction 234 

SEYCHELLES  ARCinPELAGO- 
Chrmistuy  and  Piiabmacy— 

cinnumon 132 

c-ocoa-nut  oil  132 

lemon  jnicc 132 

pepper 132 

rum 132 

ylang-ylang 132 
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Page. 
GBEAT  BRITAIN— Continaed. 
COLONIES- 

STUAITS  SETTLEMENTS  (tM,  alw,  MiOacca,  PenRng,  Singapore,  Wellesloy)- 

ClIEMIBTBY  AND  PlIAKMACT— 

essences  of  cinnamou I'SH 

cloves 13L' 

nutmeg 132 

patchoulj 131f 

essential  oils. 132! 

gambler 132 

gutta-percha 132 

indiaiabbor 132 

TDOCO 132 

medicinal  herbs,  Malayan,  76  varieties 132 

nutmc;;8 132 

pepper 132 

sago 132 

ta])ioca 132 

Mining  Indui^tbjks— 

tin 212 

exported  to  Great  Britain 212,221 

smelted  by  natives  und  Chinese 212 

MALACCA— 

Miking  lNDUBTiin»— 

location  of  deposits,  geological  occorrenoe 236, 840 

tin 212 

smelted  by  C  hlno  se  operatives 212, 840 

TASMANLV— 

Mining  Indubtiues— 
products — 

coal 244 

gold 283 

GREECE  (tee,  also,  Anaryssos,  Leucade,  Serephos, 

Comarcsat  Milos,  Syra, 

Corfu,  Missolonghi,  Therm  issia, 

Domtrdno,  Morea,  Zante, 

Lamia,  Naxos,  Z^phyria) — 

Laorium,  Phthiotida, 

Chjuobtuy  and  Pharmacy— 

exhibit 91,162 

product!) — 

alum 91 

salt 91 

sulphur 91 

Machineuy  (including  tools,  implements,  appliances,  proc«s«ea) — 
metal-working — 

fumuc<?8,  remains  of  ancient,  at  Lanrium 335 

modem,  Pilz  smelting 838 

mining — 

want  of,  by  the  ancient  Greeks 333 

tools  used  by  the  ancient  Greeks  334 

concentrating  apparatus  of  the  ancients  . 83S 

exhibit  of 339 

oro-dnrssing  appanitus,  modem 388 

HtNING  iNDUBTiaSR— 

report  on 832-339 

exhibits      832,830 

gcolo;ri<'al  format  i<»n 332, 833 

location  of  minerals 333,334 

ancient  niine8 332 

peculiar  interest  of 382 

archa>ologi<!al  remains 382, 380 

methods  of  working,  processes,  appliances,  etc 832, 833-838 

tools 832,834 

hoisting  gear,  windlass  and  pulley 384 
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OBEEGE— Continued. 
MnoNO  Ikdubtbus— 
ancient  mines— 

mothods  of  working,  prooeaseSk  appUaaoes,  ete.— 

treatment  of  ores ~. S3S 

ehofts 334,l» 

transportation  by  alaTea 3M 

water,  carried  away  by  alavea 3M 

storage  rcaervoira 8tt 

concentrating  apparatna 315 

smelting  fomaces 8K 

wood  and  charcoal  used  in 3C 

aUver  refining SK 

abandoned  during  Poloponneaian  war S38 

worked  by  the  Romans 331 

amount  of  work  accomplished 

slave  labor  employed 334.  '< 

modem  enterprises 882^1 

date  from  mining  laws  of  1861 336^  337 

obstacles  to— 

ignorance  of  the  Greek  people 337 

rapacity  of  Greek  officials 837 

maladministration 339 

coUapsoof  earlier  mining  companies 337 

intervention  of  foreign  governments 337 

Improved  condition  of  the  indnstry 337-339 

products— 

calamine 838 

iron 839 

lead 338 

ore-dressing  establishments 838 

smelting  works , 838 

desilverized  in  England 20Bamdnat» 

lignite 339 

sulphur 838 

zinc 809,338 

production  and  oonsnmption— 

adamite 834 

arsenic 838 

coal 839 

lignite 837,839 

calamine 838 

chromium 837 

copper 333,837,338,338 

galena 888k  834 

gold 333 

iron 337, 388, 339 

pyrites 833 

lead 172  note,  '^oO  and  note,  223, 333, 355, 836^  837. 338 

litharge 335 

manganese 337 

nickel 838 

pyrites 333 

sUver 833,333^338 

sulphur 337,338^839 

zinc 300,330,334-338 

exports- 
iron— 

to  Great  Britain 839 

lead- 
to  Great  Britain 208,213,228 

zinc— 

to  Bdginm 

Great  Britain  . v 


ooal  and  coke— 

from  Great  Britain. 
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Page. 
Greenliuid  («MDeninArk:  oolonies). 
Grefven&s  (Norway)— 

monamenta]  granito .^^ 268 

Orevenberg  (Germanj) — 
chemical  industry — 

Boda 46,47 

Grohs,  F.  A.  (Vienna,  Austria),  bougies,  pessaries,  etc.,  of  gelatine 108, 109 

Groot  («M  Dti  Groot). 

Gruneberg  6l  Forster,  Hoda-muiiuCicturing  process 51 

Goarda,  Lago  di  (Italy)— 
mining  industry — 

dolomite — — 94 

Guadeloupe  {itt  B^raucc:  colonies). 
GUATEMALA— 

CmUfl&TnT  AKD  Phaiuiacy— 

exhibit •. 97,164 

products- 
alum  97 

ambrctte 154 

beeswax 154 

cacao T 154 

caoutchouc  wax 154 

coscarilla 154 

castor  oil,  illuminating 154 

medicinal 154 

cochineal. 154 

cocoa-nut  oil 154 

copal 154 

copalche  bark 154 

corozooil 154 

divi-divi 164 

guacu 154 

gums 154 

indigo 154 

lead,  white    97 

liquidambar  resin 154 

saltpeter 97 

sarsaparilla 154 

suet,  vegetable 154 

vanilla  * 154 

Guiana,  British  («m  Great  Britain :  colonies). 
Goiana,  Dutch  («m  Netherlands :  colonies). 
Guiana,  French  («m France:  colonies). 
Gnipnzcoa,  province  of  (Spain)— 
mining  industry — 

li;,'nito - 814 

Golgong  (New  South  Wales,  Australia)— 
mining  industry — 

coal  deposits 229 

gold  deposits 229 

Gunpowder  («m  Mining :  explosives). 

Guyot-Lupold,  A.  (Ecrouses-Loclc,  Switzerland),  diamantinc,  powder  of  rubies,  artificial  black 

diamonds  for  drilling  rock 156 

Haarmann  (Berlin,  Germany),  investigation  of  conifcrin,  process  of  making  artificial  vanilla ...  70 

Haaa  &  Bosenfeld  (Gaya,  Moravia,  Austria),  essences,  essential  oils 110, 1'JU 

experiments  with  bisulpliide  of  carbon 110 

nsoof  artificial  vanilline 120 

Hagemann  &  Jorgensen  (Copenhagen,  Denmark),  soda  from  cryolite 77 

HagstoK  &  Thorpe  (Philade1phia,Pa.),  exhibit  of  watch  caaea 405 

bronze  medal  awarded 405 

Hagne,  The  (Netherlands)— 

chemical  industry 140 

qoinetum 139,140 

Haoui,  Jamis  D.,  Additional  Commissioner^ 

BCPOBT  09  "MUOKO  LVDUSTBOU'* ..^ ^.^ — 163-862 
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P*ge- 

Ilohn,  II.,  method  of  obtaining  brumlnc ^.... 55 

Hainaut  (Bolginm)— 
njinin^  industry — 

coul 274 

Ilalo  ^Parshall  (Lyons,  X.  Y.),  e8»enlial  oils 159 

Hall,  Julius  (London,  Eii.".Iand),  maohino  for  milling  square  holes  in  wood  or  metal SM.  SIC 

Uammam  (Constant iue,  Al;j;eria) — 
mining  industry* — 

calaniino 2bT 

HanarttTonas,  E.  A.  (Auzin,  Francr),  oil  of  pepjionnint lie 

Hance  Bros.  6c  \Vliiti<  ( IMiiladelphia,  I*ii. ),  general  chemicals,  camphor,  berberino 99, 1<>0 

phai-maceutical  preparations,  extracta,  aafsar-coatod 

pills 157,1&» 

mono-bromido  of  camphor,  nitrate  of  amy  1,  etc 161 

Ilardy,  Dr.  (Paris,  France)— 

investigation  of  ]K>ison()us  i>i-operties  of  crvthrophleine  from  sassy  bark  of  West  Africa 125 

bark  of  the  ic^Ja 125 

Hargreaves,  E.  H.,  pioneer  uold  miner  in  Austmlia 282 

IIur:^rca\'cM  &■  Robinson  (Widues,  England),  process  of  manufacturing  sulphate  of  soda 32, 31, 33, 36, 

38,45,89,90 

apparatus  for,  exhibited 90 

Haro  (Spain)— 

chemical  industry — 

cream  of  tartar % 

Harrison  (England),  ummouia-soda,  manufacturing  process 44 

Hartogh  &  Co  (Amsterdam,  Netherlands),  bisulphato  of  carbon 9>j 

Hasenclever  &.  Ilelbig  (Stollbcrg,  Germany) — 

furnace  for  burning  pyrites   12 

utilizing  sulphur  in  zinc  blende 13 

process  of  manufacturing  chlorine 54 

llathom,  Davis,  &,  Davey  (lAH.'ds,  England),  differential  compound  pumping  eDginea 384 

Hauthaway,  0.  L.,  &^  Sons  (Boston,  Mass. ),  blacking  and  leather  dressing IQB 

Uantmont  (lYancc) — 
chemical  industry — 

acid,  liydrocblorie g^ 

sulphuric gO 

chloride  of  lime g) 

phosphates gO 

soda go 

sulphur ^ 

superphosphates gQ 

Hay,  Sir  Hector  (England),  estimato  of  British  silver  prodaction. 211 

HAYTI— 

ClIEMlKTUY  AM)  PllAilMACY— 

exhil)it 135 

pnMlucts — 

aunotto   255 

beeswax 255 

cinchona 155 

curcuma j55 

orange  ]>e»-l    155 

tree  bark 255 

palma  ehristi  oil  (illuminating) 255 

rhubarb 255 

saffron 255 

^iti^^'^t 155 

Heilmann,  Dr.  (Houeu,  France),  theory  of  ust)  of  thao  as  dn^SKlng  for  textile  fabrics     227 

Hclain  &.  Co.  (Talis.  Fr.mfe),  assorted  drugs 218 

Hemming  (Eu'^lnnd).  nninidnia-soda  mnnufacturing  piticess 4I 

Henderson  (Englan»l).  rnpi»er  extraction  from  iiyritt'S ^^  yfj 

Henninger,  Dr.  (Pnri.s,  Fram.e),  investigations  and  Iheory  of  peptones 222. 133 

Henrickscn,  J,  II.  (Tioinsii,  Norway),  cod-liver  oil. 246 

Hcrland,  proi'css  of  cxtnicting  salts  from  kelp 28.56 

Hermann- Lurbapelle,  J.  (Paris,  France),  horizontal  comiiound  condensing 8teain<«n;Sine 378-361 

porspectivo  view ^jyi 
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Pago. 
Hemal  (Lower  AustriA) — 

railway  apparatus  manufactored — 

freight  cars 428 

passenger  cars  428 

llewett,  iDothod  of  regenerating  solphnr  from  soda  waste 43 

Hodgson  (London,  England),  designer  of  railway  signaling  system,  manufactured  by  Sazby  &, 

Farmer,  London 4Gd 

Hoffmunu.  C.  (Paris,  France),  general  chemicals,  bismuth,  glucose,  dambonitc,  mannite,  leucine, 

tyrosine,  erythrite,  alizarine,  etc 118, 119 

export  tannin  to  Russia 110 

alkaloids,  synthetical  organic  products 110 

Hoftnan  (Germany),  circular  kiln  for  burning  pyrites lu 

improvement  of  Malctra*s  Perrct  furnace 12 

Hofmann,  A.  W.  (Berlin,  Germany),  report  on  chemii;al  iudustricH  at  London  Exhibition,  1862.  29 

description  of  extraction  of  potassium  salts  from  suint  of  raw  wool 20 

chlorine  manufacturing  process 53 

Hofinann,  P.  W.  (Ludwigshofen,  (i ermauy),  exitcriments  on  residues  of  Meggen  pyrites 15 

Hogiinils  (Swcdt^n;— 
mining  industry — 

coal 263 

Hoisting  machinery  (see  Machinery:  mining). 
Holland  {»e»  Netherlands). 
Holoubkau  (Bohemia,  Austria)— 

railway  apparatus  manufactured — 

freight  cars 428 

partsenger  cars  428 

Honigmann,  Moritz  (G  revenberg,  Germany),  ammonia>soda  manufacture 46, 47 

Hops  {see  Agriculture;  also.  Chemistry:  products). 

Horn  (Swedeu),  peat-working  machine  204 

Horology  (ife  Clocks  aud  Watches). 

Horowitz  (^I.)  &  Co.  (Bruun  and  Virnua,  Austria),  essential  oils,  ether,  tinctures,  malt 110 

HotehkiKs,  II.  Ci.  (Lyons,  N.  Y.),  oil  of  peppermint 150 

Hotchkiss,  L.  IJ.  (IMielps,  X.  Y.),  oil  of  peppermint 159 

Uottot  &  C«>.  ( I*.uiH,  Fi-ance).  pepsin 121 

Houghl un,  E.  r.  ( Philadelphia,  Pa.),  cosmoline  from  petroleum 161 

cosmolubric,  lubricant  and  anti-incrustator 162 

HouUle,  C(uil  HO  c^led  in  Belgium  itfter  its  discoverer  (Hullos,  1108) 276 

Houssois  (Bi'l'iium; — 
mining  iutlustry — 

ii-on  270 

Howard,  uHHinted  iu  introducing  cinchona  cultivation  in  India 137 

Hojt(J.li)  diCo.  (New  York  City),  leather  belting 401 

Hrostning  (Austria) — 
chemical  industry — 

soda 73 

Hnischau  (Silesia,  Austria)— 
chemical  industry — 

sulphuric  ucid 73 

Hudson  Bay  («es  Great  Britain:  colonies:  Canada). 
Huelva  (.Spaiu) — 

miuing  induntry — 

c.>pp«T 813,314 

Hullos,  discovered  coal  iu  Ik-lgium  (1108) 276 

Huugariun  StuU.»  llailways,  liK'oinotive 441, 442 

illustr-ition 442' 

Huugary  (nee  Austiia-IIungary). 

Hunt,  R..  hiH  "  Miner.il  Statistics  of  the  United  Kingdom "  (annual  seiies)  cited. .  100, 198  note,  200  and 

n^ttc,  203  and  note,  204  atui  note,  205, 207, 208, 210  and  note,  211, 212. 213, 214, 218  noU,  344 

Hurlt^t  &  Cumpsie  Alum  Company  ((ilasg«>w,  Scotland),  prusslate  of  potash 01 

Hurter.  writings  on  Glover's  Tower 17. 18 

bleaching  pow<ler 44 

Hurtt  ( F.  W. )  St  Bros.  (New  York  City),  chemicals,  perfumes,  toilet  articles 160 

Hussowitz  (Moravia,  Austria) — 
chemical  industry— 

Msentlaloils «..• ^ «. 110 
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HntinetfD.  (Paris,  Franco),  Bix-color  printing  machine 

Hotter,  AliVcd  (MontpcIIicr,  France),  method  of  preparing  snipbate  of  alaminiiim tt 

Hatter  (Alfred)  Sc  Co.  (MuntpelUer,  France),  anlphate  of  aluminiom  prepared  tnmx  bMixlte  by 

Hutter'B  method M 

Uay  (Belgium)— 
mining  industry — 

coal 275 

iron sn 

Hydraulic  Engineering  Company  (Chester.  England),  hydraulic  miohinery M 

lakouts)^  Government  of  (Siberia,  Koasia)— 
mining  industry — 

gold ai9 

iron X7 

Ice  made  by  sulphurous  anhydride  (Piolet's  process) 2S 

Idaho  («M  United  SUtes). 
Idria  (Camiolu,  Austria)— 

geological  formation 301,  IM 

mining  industry 30I-ID4 

cinuabar    dOO^SM 

discovonl  circ  1490 )01 

method  of  mining 30S 

extracting  qnicksilver 802;  303 

furnaces 303 

annual  production ■ 302,303,304 

vermilion  manufactured  firam 304 

operatives,  provisions  for  the  welfare  of 304 

I6nl8se'isk,  Government  of  iSiberia,  Kusaia) — 
mining  industry — 

gold 249 

iron 257 

Igl6sias  District  (Sardinia,  Italy)— 
mining  industry — 

calamine 287 

Illinois  {tee  United  States). 

"Illustrated  London  News "  (Eu;;liHh  Jonrnal)  printed  in  the  Exposition 398 

Imhof,  Louis  ( Aoniu,  Switzerland),  coloring  materials  for  confectionery 156 

Imperial  llotanical  Garden,  Saint  Petersburg  (Russia),  vegetable  pharmaoentioal  prodactions. .  150 

Imperial  Departmeut  of  Agricultui-o  (Vienna^  Austria),  uranium  salts 75 

Imperial  Department  of  Mines  (Vienna,  Austria),  mercury,  cinnabar,  salts  of  uranium  and  of 

vanadium 75 

lucardona,  Loren/.o  (CaltanissettOf  Italy),  phjumaceuticul  preparations,  quinine,  magnesia 142 

ludLi  («M  Great  Britain:  colonies). 

Imliau  iiosseMion:^  French  («es  France :  colonies). 

Indian  Territory  («'«  United  States). 

Indiana  {tee  United  States). 

'  *  Industrial  Progi-ess  of  New  South  Wales  "  (governmental  publicat  ion)  cited 

IngersoU  boring  api>aratus  for  prospecting  for  ores 

Ingram,  W.  J.  (£u;;land),  inventor  of  continuous  rotary  printing  press,  usi-d  in  printing  "The 

niustrated  London  News  "  in  tho  Exposition 383 

Interchangealilo  i>aits  of  rifles,  watches,  etc.,  produced  by  American  system  of  machine-maan- 

faclure 408.409 

INTERNATIONAL  EXHIBITIONS— 

progressive  development  since  1851 3 

influence)  ou  chemical  industry     3,4 

products,  prices 8, 4 

quality 8,4 

novelUes 4 

machine-manufacture  of  watches 414, 415 

need  of  intelligent  custodians  of  exhibits  6^7 

dreaded  by  some  manufacturers  as  prodnotive  of  competition 1M,195 

OF  Pakis,  1855— 

chemical  exhibit — 

platinum  apparatus if 
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Page. 
rSTERNATIONAL  EXHIBITIONS- 
OF  London,  18G2— 
chemical  exhibit- 
report  on,  bj  A.  W.  Hofmann,  referred  to 29 

platin  um  api>arat  aa 65,66 

OF  Pakib.  18C7— 

hoDoniblo  mention  made  of  employers  providing  for  the  welfare  of  their  ojterativeB . . .         286 
OF  Vienna,  1873— 
chemical  exhibit— 

Sol vay *8  ammonia-soda  process ' 44 

alizarine   100 

OF  Philadelphia  (Centennial),  1876— 

chemical  exhibit  of  the  United  States  at 8 

printing  machinery  exhibited  at 392 

watch  manufacture  by  machinery,  exhibit  by  the  American  Watch  Company 406 

tests  of  watches  exhibited 412 

American  Watch  Company,  increase  of  sales  following  tho  Exhibition 414 

report  of  the  judges  on  machine-manufacture  of  watches,  referred  to 400 

watch  exhibit  of  Fi-ance 406 

Switzerland 406,410,412 

railway  signals,  exhibit  of 468 

OF  Paris.  1878— 

superior  to  its  predecessors 3 

classification  of  exhibits  (im  Classification). 

Chemical  and  Phakmaceutical  Pbocessbs  and  Prbpabatioks,  general  report  on,  by 

Thoiias  E.  Jenkins,  M.  D 1-162 

chemical  and  pharmaceutical  exhibit,  extent  of  8-7 

jury  upon,  list  of    i 6. 6 

work  of 4-7 

count!  lea  exhibiting 7 

awards,  by  countries 7 

Clocks  and  Watches,  general  report  on,  by  Edwabd  H.  Enigut,  LL.  D 403-415 

exhibitors  from  tho  United  States 405 

awards  to  .   . .     406 

Machines  and  Machinr  Tools,  general  report  on,  by  Wiluam  T.  Portek 380-402 

little  novelty  in  the  exhibit 391,402 

printing  machinery  operated  in  British  section 393 

MiNiNO  Industries,  general  report  on,  by  James  D.  Hague 163-^61 

Eailwat  ArrARATirs,  general  report  on,  by  William  A.  Andeiison 417-469 

STEA3I  AND  Gas  Kn(WNEh,  general  report  on,  by  Andrew  J.  Sweenst 363-387 

engine  of  Jerome  Wheelock,  Worcester,  Mass.,  operated  machinery  of  American, 

Norwegian,  and  Swedish  sections 369 

inadequate  representation  of  United  States 7, 8, 391, 468, 469 

caused  by  tardy  action  of  Congress 7 

insufficient  appropriation  by  Congress 8 

illiberality  of  some  British  exhibitors 194 

jury  of  recompenses,  composition  of 5 

arduous  work  imposed  upon 4-7 

buildings  of— 

great  number  of  annexes  and  outbuildings 4 

Pictet  Ice  Company 25 

Algerian  pavilion,  cork-cutting  exhibit 113 

chemical  exhibit 125 

mineral-water  pavilion 114 

Galerie  de  la  Bourdounaye,  steel  exhibit,  railway  material 420, 425 

Schneider  Sc  Co.'s  pavilion,  iron  and  steel  products  exhibited 434 

OF  Meldournr,  1880— 

information  hoped  for  as  to  Australian  mining  industry 226 

Iodine  {»ee  Chcmistiy). 

discoveriMl  in  l*>anco • 65 

first  manufacture  fh)m  seaweed  (1829)  in  Conquet,  Finisterre,  Franco 81 

Iowa  (Me  United  States). 
Ipswich  (England)— 

machinery  manufacture- 
forestry— 

tree-felling  engines ^ - 883*,  886 
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Ireland,  Irish  (gee  Great  Britain). 

IriUiaui  {tee  Motal-workinj; ;  al»o^  Mining). 

Iridosomine  (see  Mining). 

Iron  (»««  Chemistry;  aUo,  Metal- working:  aiao,  Mining). 

ladahl  &,  Co.  (Bergen,  Norway),  co<l-liver  oil 

ITALV  («e<!,  aUo,  Altarisaa, 

Aosta  Valloy, 

Assora, 

Bergamo, 

Bologna, 

Buggerru, 

Caltanissetta, 

Carrara, 

Castro  Caro, 

Catania, 

Cesena, 

Civita  Vecchia, 

Como, 

Fiumo, 

Florence, 

Genna  Arenan. 
Chkmistby  and  Pu-vkmacy— 

exhibit,  chemlial 


Pace. 


14< 


Genoa, 

Ghedi, 

Girgenti, 

Guarda, 

Igl68ius, 

Leghorn, 

Ligmien, 

Maliidano, 

Measina, 

Mikm, 

Montebamboli, 

Monte>Rexio, 

Murlo, 

Xaplea, 

Xovara, 

Pa  via. 


Peragia, 

Peearo, 

Piaa, 

Planedda, 

Plano-Sartu, 

XUmini. 

Rio, 

BoccatederUshi, 

Samlco, 

Tatti, 

Tufo. 

Turin, 

Udine, 

Veitma, 

Vicenza, 

Volcano  Island) 


K;»4 

pharmaceutical j^i  jU 

exhibitors,  uunilK'r  of 7 

award»,  number  of 7 

condition  of  the  industry' 02, 143 

crippled  by  want  of  fuel 92 

manufactures — 

alum 92 

castor  oil lU 

cream  of  tartar,  tartaric  acid gj 

essential  oils 212 

magnesia,  carbonate m 

<l»""»n'' 141,142.143 

varied  i)rei>arations  of 1^ 

soda 9^98 

sulphur 92, 93 

production  and  consumption — 

boracioacid 5O02,M 

carbon,  bisulphide 93 

castor  oil 

giobertit<) 

iron,  sulphate 

lemon  juieo 

licorice  extract 

magnesia,  sulphate 

manna   

olive  oil 

pyrites ^^ 

<luinino j^-»  ^13 

8ul])hur  9^93 

Hulphurir.  aeid 91 

fuel  used  in  mam: fact ure — 

coal  (deposits  wanting) 

l)roduct8,  by-products,  materials- 
acid  s— 

Iwracic 

earbonic 

citric 

hydrochloric 

isobutyl-fonnic 

methyl-ethyl-acotic  

nitric 

pentylic 


142 

91 

M 

142 

142 

M 

142 

142 


S2;94 


59,60,93,94 
94 

141 
98 

143 

143 
«3 

143 
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CHKMI8TKT  AND  PlIABMACT— 

prodncts,  by-products,  materittla 
acids — 

quinlc  143 

qainonio 143 

su  Iph  uiio 02, 03, 94 

tartaric 92 

trimethyl-acetic 143 

valerianic 143 

alcoholf  amy  lie 143 

alum 02, 94 

alumina,  sulphate   94 

ammonia,  sulphate 91 

ammonium,  chloride 50 

anisato 143 

aspara«;ine 142 

barium,  citrate 141 

bergamot,  oil  of 142 

boracic  acid 69,  CO,  92, 94 

oaffuino,  borate! 142 

carbon,  bisuli)hidu 93 

carlK>uic  acid 04 

castor  oil 142 

cincbonicinc 143 

cinchonidiuo 143 

bibromuii-il ^ . .  143 

cinchonine 143 

bibroroated    143 

cinchotcneiue 143 

citric  acid 141 

giobertite 04 

hydrocbloric  acid 93 

iodine 94 

iron,  acetate 94 

oxide 94 

preparations  of,  Tor  puint 08 

sulphate 94 

isobutyl-formic  acid 143 

lemon  Juice 141, 142 

uilof 142 

licorice,  extract 142 

lime,  carbonate 94 

hydrate 94 

magnesia 03 

bicarbonati^ 94 

carlxmate 94 

citrate 142 

hydrate 94 

hydrocarbonate 94 

sulphate 94 

mannu 142 

mannite • 14? 

mclhvl-ethyl-acctio  acid 143 

mineral  waters 94 

naphthaline 142 

nitric  acid 93 

oiU  castor 142 

codllvcr 148 

essential 142 

bor;?amot 142 

lonion 142 

orange 142 

olivo 03  142 

pentylic  acid 143 
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ITALY— Continaed. 

Chuostbt  and  Phabmact— 

products,  by-prodacts,  materials- 
potash,  bicarbonate n 

pyrites •.Sfl.M 

quinic  acid 143 

quinicine H8 

qninidine 143 

quinine 142.148 

anethol 143 

bisnlpbato 141 

bromated 143 

chloro-pbenate 143 

citrate 141 

<lih}'droiyI 143 

fen  ocyanido 14S 

phenol-hydrocblorate 143 

sulphate 143 

sulphonate 143 

salts 14a;143 

sulphate 141,142 

sulpho-phenate 143 

valerianate 141, 143 

quinonic  acid 143 

silicates,  soluble .' 94 

sotla OS 

bicarbonate 93 

salphate 93, 94 

sulphur 43, 59, 74, 70^  92,  »3, 94, 97. 08 

sulplmric  acid 92,83,94 

superphosphates 94 

tartar,  cream  of 92,142 

tartaric  acid 92 

trimethyl-acetio  acid 143 

valerian 143 

valerianic  acid 148 

operatives — 

number  employed 92,93,99 

extracting  sulphur 92, 98 

magnesia 94 

borucio  acid 94 

castoroil 143 

fuel  wanting 92 

used  in  manufacture — 

coal 94 

exports — 

castor  oil 14J 

lemon  juico 142 

licorice  extract 142 

manna 142 

olive  oil 142 

imports — 

castor-oil  beans— 

from  Asia  Minor 142 

India 142 

cod -liver  oil — 

from  Norway 148 

licorice ■ 142 

sulphnilc  acid 92 

from  France 92 

Clocks  axd  Watcues— 

exhibit 405 

Forestry— 

eucalyptus  acclimated  in 134 

dispelled  malaria  in  fever  distriots 134 
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IT  AL  Y— Cont  iuucd. 

Maciiineuy  (iiicludiug  tooLti,  iinplcmentSf  appllauccB,  pn>cc88C8) — 
chemical — 

mngne&ia  maniifttetnrc — 

kilus  for  carl>oiiiziDg  dolooiite 94 

metal-working— 
sine — 

charcoal  uhaf t-fumacca 31S 

Miking  Ixdustiues— 

rcporton 300-312 

exhibit 306 

inadequate  informal  ion  concerning 306 

crippled  by  want  of  fuel 30C 

copper 307 

fuel  supply .300.307,308 

charcoal  used  in  Bmeltlng 308, 312 

coal 307,308 

anthracite 307 

bituminous 307 

liguitit 307 

analysiHof ^ 307 

location  of  deposita 307 

importation 177, 2'J5, 307, 308 

prat 307 

location  of  deposits ' 307 

protluction 307 

analysis  of 307 

inm 300,307,308,309 

production 300,308.309 

uiaiignniforous  pig,  for  Bessemer  steel 30G 

mostly  exported 308, 309 

location  of  the  mines , 308 

had  307 

nrfln ing  works 307 

marble 306 

salt 306 

rock 300 

evaporattMl 306 

govommeut  works 306 

revenue 306 

private  work s 306 

pniduction 306 

zinc 309-312.338 

reopeningof  ancient  mines 300 

ge(dogical  oc<:uiT<.'nco 309, 310 

exploitation 310,311 

pro<luetion 311 

oHMlreiwing  works 311 

analysis  ot  oi-o 311, 312 

roaAtiug  in  charccKd  furnaces 312 

prodaction  and  consumption — 

calamine 309,310,338 

cerusit4) 309 

coal 177,307,308 

anthnu-ite,  wanting 306, 307 

bituminous 307 

lisnito 3(»7 

copper 175,222,300,307 

galena  ... 309 

iron 300,307,308 

ore 170,308 

pig 306 

wrought 300 

lead 172  no«^,  209  no(^,  213, 223, 306, 307 

manganese 306 

38  P  R VOL  4 
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ITALY— Continued. 
Mixing  L\i)UftTRiE»— 

prodiu'tion  and  i:uu8auiptioii— 

peat *P 

pyrites 9,HT23 

8ult 8M 

sulphur 306 

zinc 224,  306,3u!W12.Xfe 

exports    3W 

ciial *Je 

toRuwia %\ 

eopjKT X 

to  France - 17 j 

iron S0C,30i».3lO 

to  Franco ITU  S(R» 

]:uA.sia ;gi 

Unit!  d  State* 3W 

lead 3u6 

to(Jteat  Uritain 213,£i» 

man;;aneHe 3i< 

aalt— 

to  Uusftia 261 

Hulpbur 306 

zine  3fti 

to  Gn-at  Britain 224 

imjiortH — 

coal 3i)7,3ati 

from  France 177 

(jreatBritain 22r»,D'>!< 

copper — 

from  Great  Britain 22S 

inm 307, 3Mi 

lUlLWAY  Ari»AUATi:»— 

exhibit 419,423 

paasenp'r  oars 445 

PKOVINCES- 
C.VLAimiA— 

CllEMIr^TilY  AM)  PlIAUMACY— 

mauua 142 

ELBA— 

MlXlN(i  IXDLHTUIES — 

iron 308 

pnxluet  ion 30d 

mined  anciently  Iiy  the  Etruscans 30^ 

Romans  30S 

PIEDMONT— 

MlXIXr,  I>DUt)TIUE8— 

anthracite  coal,  unimportant 307 

iron 308 

SARDINIA- 

MlMNC   IXDLSTRIEb— 

iron 308 

lead 175 

lignite 307 

7inc 2U6,  214  and  note^  2S7,  300-31 2. 33i» 

exjKirtiKl  to  Great  Britain 206, 214, 2i»T 

Belpum 2S7 

ancient  mines  rei)pi.'m*d S09 

product  ion 311 

I>anii>hlet  upon,  referred  tu 306 

SICILY— 

Chkmisticy  axi)  Phabmacy— 
manufjctnres — 

quinine 141 

sulphur 93 
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ITALY— Crtutiiiued. 
PROVINCES— 
SKULY— 

ClIF.3il£tTUY  AKD  PHAUMACY— 

nmterialft— 

iDunna 142 

sulphur 9,207 

imitated  in  rogencrutiou  from  Hodii  waste  4^ 

replaced  by  pyrites,  in  Italy 94 

Groat  Ilrituiu 207 

Switzorlaud 97 

natural  depoaits  in  T.'nitfd  States 98 

exports— 

nianua 142 

i«uli>hur  to  Austria 74 

Fran<re 79 

United  States 0,9« 

MiNINU  iNDLVfRIKS— 

coal,  unimportant o07 

sulphur 207 

duty  imiM)sed  on  export  1>y  I'cnlinuuil  II  caused  hulphnric  acid  maiiufai- 

ture  from  pyrites  in  Great  Britain  207 

TUSCANY— 

CHF.1I1.STUY  AND  PHAKMACY— 

materials — 

boraeic  acid r»9, 9J 

manufactures— 

boiik-io  acid 92,94 

MlNIXr.  I.\1)L'8T1UE8 — 

copper 300 

lignite 30G 

VENETIA— 

Chkmistuy  and  IMlAltMA<:V— 

castor  oil 142 

Jackson  Si  Bro.  (Boltim,  En;;l:ind),  midilin«;  and  gear-cuttin;:  niiiehines,  dividing  a;ip.:ratas   . . .  397 

Jacobsen  (J.  N. )  &  Co.  ( Fredriksstid,  Norway),  osaiie  aeid  from  sawdust 9.'» 

Jacoby,  his  *' HiuMlamh,  Australient,  und  Cali/ornUna  Gold-rroJuktion,"  etc.,  cited 345, 349 

Jamaica  («<>e  Great  l>rit;iin:  colouiert). 
JAPAN  (#e<r.  alnn,  Kochi,  Miyc,  Tokiu). 

CHEMIHTBY  AXD  rHAIiMACY— 

exhibit 144,145 

exhibitors,  nambt'r  of 7 

awards  number  of 7 

condition  of  the  industry 144 

pro<lact  s — 

beenwax 145 

coloring  materials 145 

indigo 145 

opium 145 

seaweeds,  gelose-yielding 145 

thao 145 

properties  of 127,145 

Mixing  Ixdustiiies— 

collection  exhibited  by  Bureau  of  Mines,  Ministry  of  Public  Works 145 

agat«;.<) 145 

amber 145 

calc-Hpar 145 

cobalt 145 

copper  on* 145 

galena 145 

gamot  It 146 

gold 145 

gi'nphlte 145 

hematite 145 
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JAPAN— Continued. 

MiXIXO  iNDUSTlUSft— 

collection  exhibited  by  Bureaa  of  Mines,  Ministry  of  Public  Works- 
iron  pyrites •- 145 

jasper. 145 

kaolin 145 

lignite 145 

magnetite 145 

mercury 145 

pyrolosite - 145 

quartz 145 

rock-crystal 145 

silver 145 

Hulph  ur 145 

tin 145 

imports — 

gold  and  silver  from  United  States t50 

Jasper  {tee  Mining). 

Java  («M  Netherlands:  colonics). 

Jomapes  (Hclgium) — 

machinery  manufacture— 

winding-engines  fur  mines 371ILV77 

JRXKIXB,  Thomas  E.,  M.  D.,  Additional  Commissioner,  member  of  the  Jury,  Class  47 5 

Kkfokt  ox  "Chemical  and  Puarxaceutical  Puockssbb  and  Preparations" 1-16S 

death  of.  before  publication  of  his  report  S 

Jennings,  Thomas  (Cork,  Ireland),  magnesia 01 

Jenny,  profi-ssor  in  Polytechnic  School  of  Vienna  (Austria),  t4'Sts  of  locomotive  boiler  plates. .  441 

Jetzler.  C.  (S<'haff  hausen,  Switzerland),  chlorine-manaf«ctnring  process 55 

metho<l  of  regenerating  oxide  of  manganese 97, 156 

nppiinitiis  for,  exhibited' 156 

Jwichimsthal  (Bohemia,  Austria) — 
mining  industry — 

early,  in  16th  century 300,801 

coinage  of  first  silver  crowns  (Joachimaihalar''thaler^doUar)  in  1518 300 

products— 

bismuth 300,301 

cobalt    300.301 

nickel 300.801 

silver 300.301 

uranium 300, 301 

vanadates 301 

geological  fonnation 300 

Jolmson,  Matthey,  &,  Co.  (London,  England),  apparatus  for  tlistilling sulphuric  acid.  20, 21, 25, 04.  C5^  06^  01 
,  manufacture  of— 

aluminium 60.67,8( 

copper 66 

gold 66 

iridium 05^60,67.09.91 

iron 66,67 

osmium (>5, 66, 07. 68, 91 

palladium 65, 66, 67. 00, 01 

platinum 25,64-68,90.91 

rhodium 65, 66, 69 

rutheninm  65,66,69,91 

silver 66 

exhibit  at  Exposition  of  1878    64-410,90.91 

London  Exhibitions  of  1861  and '62 65,66 

Paris  Exposition  of  1855 68 

Johnsscn,  C.  (ChHstiansund,  Norway),  cod-liver  oil 146 

Jolly,  L.  (Paris,  France),  phosphates  of  iron 121 

writings  on  iron  In  the  blood 121 

Jones,  John  P.,  Unlte<l  States  Senator  firom  Nevada,  chairman  of  Silver  Commission    359 

estimate  of  bullion  yield  In  Western  States 359 

Jones  Sc  Walsh  (England),  f\imaco  for  manufacturing  sulphate  of  socLi 33, 34 

process  of  condensing  hydrochloric  acid 36 
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Jordan,  C.  (Trondl\)eni,  Norway),  cod-liver  oii 146 

Jomaux,  J.  (Paris,  lYance),  manafaotarer  of  Isidore  Delcambre's  type-composing  machine  . . .         393 
Julian  (Franco),  mothoil  of  prcparint;  nitric  acid  by  electricity '/7 

Kulk  (Westphalia,  Germany) — 
chemical  indnstr}- — 

ammonia  salts  from  gas  water 40 

soda 4!) 

Kalmur  (Sweilen) — 
chemical  industry — 

products  of  the  distillation  of  wood  exhibited  by  the  Agricultural  School  of  Applerum — 

charcoal IM 

creosoto  oil 152 

tar 152 

tanning  material 152 

turpentine 152 

vinegar 152 

Kalouga,  Government  of  (European  Russia) — 
mining  industry — 

iron 25tf 

Kalnsz  (Galicia,  Austria) — 
chemical  induHtry— 

chloride  of  potassium 28 

Kansas  {»ee  United  States). 

Earimou  (see  Netherlands:  East  India  Colonies). 

KarpinskifV.  (Warsaw.  KuHsia),  pharmaceutical  products 150 

Easan  (Russia)— 

chemical  industry- 
soda  46 

Kasbin  (Persia)— 

wines 151 

Kasnan  (Austria)— 
chemical  industry — 

sulphuric  acitl 73 

Kasaarouta  (gee  Netherlands:  East  India  Colonies). 

Kastonbein,  Charles  (Paris,  I^^ance),  typo-composing  and  distributing  machines 393 

Katsonkoura,  Y.  (Tokio,  Japan),  indigo 145 

Kef-Oum-Theboul  (Constantino,  Algeria) — 

lead  mines 180 

Keith  (B.)  &  Co.  (Now  York  City),  oil  of  erigeron 150 

Keltze,  Department  of  (Poland,  Russia)— 
mining  industry — 

iron 257 

sulphur 250 

refinery 359 

Kentucky  (tee  XJuited  States). 
Kerhuon  (P^ist^re.  France) — 
chemical  iuduHtrj' — 

bromine 82 

iodine K2 

potash S2 

varech 82 

Ketjen  Se,  Co.  (Amst^^rdam,  Netherlands),  sulphuric,  nitric,  hydrochloric  acid,  sulphates  of  soda 

and  iron 92 

Kharisar  (Constantino,  Algeria)— 

iron  mines 180 

Kientsy  Bros.  (Paris,  France),  paper-working  machinery 302 

Kiev,  Government  of  (European  Russia)— 
mining  industry- 
coal  258 

Kiev-Elisabethgrad  (European  Russia) — 
mining  industry' — 

lignite 358 

Kilbum  (London,  England) — 

raUway  apparatus  manufactured — 

signaling  systems 467,468 
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Kilo  (=^2.205  poumls),  defiuitionof 171 

Kiloju-tor(=2.6iiiilr«)detiiiitioiiof. 171 

Kiiif^zutt,  invoHi  i;;ation  of  the  properties  of  the  eac«lyptiu ..  134 

Kirby  (IT.  T.)  Sc  Co.  (Loudou,  England),  pills,  lozcnj^cs 13i> 

KirghcRO  District  (me.  Russia). 
Kladno-Schlnn-I^ikouitz  (Bohcuiia,  Austria) — 

coal  deposits 294.437 

had  quality  of,  necessitates  mixture  with  other  coals 437,43S,439 

special  form  of  fire-box  on  locomotiyes 437. 4%) 

yields  bad  coke 43!* 

Klein  (Austria),  spark-arrester  for  locomotives 441 

Klepctar  iF.)  &  Co.  (Drunn,  Austria),  essoniial  oils,  fruit  essences 109 

Kletzin.ski  (Vienna,  Austria),  theory  of  mugho  pine  essence  as  a  disinfectant,  antiseptic,  eta  . . .  11<> 

Kleva  (Joukupiug,  Sweden) — 
mining  industry — 

nickel 2C5 

Kmoiit.  Dk.  EnwAiiD  II.,  ETonorary  Commissioner— 

Repout  on  "Clocks  and  Watches" 403-41.' 

report  on  "  Watch-making  Machinery",  an  chairman  of  Group  XXII,  Judges  at  Centennial 

Exhibition,  referrt'd  to 409 

K6*boa-K6zan-Kiskuu,  of  the  Bureau  of  Mines,  Ministry  of  Public  Works,  Japan,  eolletction  of 

minenils 145 

Koch,  Dr.  (Basle,  Switzerland),  process  of  manufacturing  alizarine  bluo ]05 

Koch  &  Roia  ( Anvera,  Belgium),  sulphur 76 

Kochi  (Japan  )- 

chemical  industry — 

indigo J45 

Koechlin  &  Prud'honime  (Mulhouse,  Alsace,  Germany),  report  on  proiierties  of  alizaidne  blue 

quoted 106-1(K( 

Kohlrausch,  nieth<Ml  of  manufacturing  8U])crphos]>hatcs 5d,  57 

Kolb,  J.  (Loos,  France),  theory  of  the  reaction  in  manufacture  of  superphosphates 59 

Koller,  L.  (Brunn,  Austria),  tartaric  acid,  etc 7r» 

Kongsberg  (X<irway) — 
mining — 

copper  i'nnu  pyrites 271 

silver 270, 271 

containing  niei-cury 270 

Koping  (Swodi'u) — 
chemical  industry — 

albumen  from  eggs 152 

Kopp,  E.  (Zurich,  Switzerland),  process  of  uianufiictaTing  crude  soda 38 

Kopparberg  (Sweden) — 
mining  industry — 

zinc  blendf 283 

Koubtin  (Caucasus,  Russia) — 
mining  industry — 

coal 258 

Kouldja.  Government  of  (Turkestan,  Russia) — 
mining  industry — 

coal 258 

Koutais  (Caucaunfl,  Riisaia) — 
mining  industry — 

coal 258 

Krai,  F.  J.  (Olmutz,  Moravia,  Austria),  metallic  saccharates  and  soaps 109 

Kralup  (Bohemia,  Austria) — 

chemical  industry 

barium 

hydnx'hloric  acid 74 

nitric  arid 

pntasli 

soila 

sulphui-ic  acid 73,74 

HU])er]d)osphat  es 74 

Krausshaar,  mcthiHl  of  rocconerating  sulphur  from  s<Mla  waste 43 

Kroebvr,  F.  (New  York  City),  exhibit  of  clocks 405 


74 
74 


74 
74 
74 
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Kroober,  F.  (Xe  w  York  City),  recciTod  honorable  mention 400 

Kroho,  L.  Monrud  (Bergen,  Norway),  member  of  the  international  J  ory  of  rccomponBOft,  Clnsn  47  5, 14(j 

account  of  the  cod-flnhery  of  Norway  and  mauufactui-u  of 

cod-liver  oil 14G-14* 

Krol  &.  Co.  (Z  wolle,  Netherlands),  superphosphaU'B,  aa2|)hiite  of  ammonia 9J 

Kuhlmuu,F.  (Lille,  Fi-ance),  metho<lofmanafactarin;{  nitric  acid 2(1 

director  of  chemical  works  at  Lille 8U 

discoverer  of  coloring  matters  in  madder 80 

developed  bary  t-a  indust  ry 80 

Kuhn,  F.  (Moscow,  Russia),  chi;mical  protection  for  leather 150 

Kunheim  (Berlin.  Germany),  impn>vement  of  Malctr.i'a  Ferret  p>Titcs  burner 1'2 

ammonia-soda  manufacturing  process 4f^ 

Kuopio  (Finland,  Russia) — 
mining  industry — 

iron. 257 

Lago  di  (juurda  (Italy) — 
mining  industry — 

dolomite  m 

Lagos  (itfe  Great  Britain:  colonies). 

Lagrera  &,  Escaies  (Felanix,  Spain),  ether 9(i 

Lamia  (Grcocf  )— 

chemieal  invluHtry — 

salt   01 

Laming,  method  of  regenerating  sulphur  from  gas  works 10, 74 

ferni-cy ouide  produced  from  previous  mixture (H) 

Lamm,  Dr.  E.  (Unit«><l  States)— 

inventor  of  the  firelcss  locomotive  made  by  the  Compagnie  Continentalo  d'Exploitation 

des  Locomotives  sons  Foyers  (Paris,  France) 4(i2-4iJU 

illustnit ion  of  Irn'ouiotive  and  car 465" 

Laneuveville  (France) — 
chemical  iiulustry — 

potash,  prusHiate 87 

Langthorue  Cheuiioal  Works  (Stnitford,  England),  general  chemicals Ul 

L<inuoy  (E.),  Fil.s,  <&:,  Co.  (Brussels,  ISelgium),  sulphate  of  alumina 76 

La  Plaiue  (Swii/t-rland) — 
chemical  industry — 

colors 156 

LAI»LAN1)— 
Mixing — 

copper 264 

Lanr  (France),  h'm  "  Du  Oisement  et  de  V Exploitation  deVOren  Calif omU  "  cited   34:> 

Laurium  (Greece; — 

mining  industry 333-33t< 

adamiuc 334 

ai  Hcnic 338 

calamine 33X 

cojiper 333,338 

galena 334,335 

lead 333,335.336,338 

nickel 338 

silver :«3, 33.'5, 336,  33k 

imc  3:w,  334,  .i:h; 

ancient  workings 33:1, 3;t4. 336 

archHiological  exhibits 339 

modem  workings   336-338 

interrupted  by  rapacity  of  the  government 337 

resumed 337,338 

lHK»k  <m  c'/itf  Laurittw"),  bj*  A. Cordelia,  Fi'ance 332 

Lantier  Fill  ((iniMse,  France),  perfumes,  pomades 115,116 

Load  («MMet;il- working:  olfo,  Mining). 
Leal  (Esthonia,  Russia) — 
chemical  Ludustry — 

oil  of  cumin — .— 150 

Loblane,  procesn  of  manufacturing  sotla 32,37-30.44.45 

Le  Chatelier,  counter-pressure  apparatus,  for  locomotives  436, 431) 
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Ledger,  assisted  in  trausplanting  cinchona  cultivation  from  Bolivia  to  India 117 

Leeds  (England) 

clicmical  industry — 

soda 44 

machinery  monufiictnre— 

steam-engines S84 

pumping S84 

traction S8A 

Lecron,  Fabrique  de  Chrome  de  (Troudlvjum,  Norway),  blchromato  of  potassa 96 

Lefcbvre,  A.  (Corbehem,  France),  potash,  rubidium  extnMted  from  beet-root  sugar  reaiduea. .  83 

I^ghom  (Italy) — 

chemical  industry — 

soda 92,98 

boracicacid  M 

Lehmann,  Joseph  (Brunn,  Moravia,  Austria),  dried  herbs,  phannaoeutical  preparations 109 

Leicester  (England)— 
chemic^  industry — 

pills 130 

Leira  (Portugal) — 
mining  industry — 

lignite 83U 

Lengauer  (M.)  6c  Sun  (AVorsetz,  Dongary),  tartar,  tinctorial  substances 144 

Lenomiand  (Saint  Louis,  Senegal),  vottlver 124 

Leon,  I*rovinc4>  of  (Spain) — 
mining  industry — 

cool 914 

Leonard  Sc  Ellis  (Xow  York  City),  lubricating  oils 160 

Lepchkinc,  N.  (Moscow,  Russia),  mineral  acids,  sulphates,  salts 96 

Lerida  (Spain)— 

chemical  industry — 

so<laash 96 

Leroy,  T.  ( raris,  France),  watches 407 

Le«ca4le  (Greece) — 
chemical  industry— 

salt 91 

LbuilUer,L.(Vienne,  France),  paper- working  machinery 381! 

Lichtenberger,  (J.  £.,  apparatus  for  concentrating  sulphuric  aoid 21 

Liebig,  Baron  Justus  von,  extract  of  beef 131 

lii^go  (Belgium) — 
mining  induHtry — 

coal 273,274^275,276 

discovered  at  (1108) 276 

Ligmieu  (Italy)— 

lignite  dopo.si  ts 307 

LiUe  (France)— 

cheiuical  industry — 

barium  salts 80 

baryta 90 

chloroform  .., 86 

ether 86 

lead  Halts 80 

potash  salts 80 

soda 81 

sulphuric  acid 17 

superpliosphates 80 

tannin 86 

Lime  Kock,  Conn. — 

railway  apparatus  manufactured — 

(.ast -iron  car-wheels 400 

LimouHin,  S.  (Paris,  LYance),  amorphous  quinine * 117 

Lipoid,  gi.'ulo;:ical  investigations  in  Camiola,  Austria 801 

Litharge  {Mf  MLuiii<;). 

Lithgow  Valley  (Xew  South  Wales,  Australia)— 
miuin;;  iiiduBtry — 

cuil 243 
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Tape 
Littoral,  Government  of  (SiberiA,  RoMiA)— 
mining  indnatry — 

gold 1:49 

coal *J58 

Livenidge,  Archibald,  ProfeMor  of  6«ology,  Unlvenity  of  Sydney  (New  South  Wales),  inviniti- 

gation  of  ooal  deposits 24'J 

Locomotives  (tee  Railways). 
Loffodon  Islands  (Nor way) — 
fishery — 

cod 14«,147, 148 

Logrofio.  Province  of  (Spain) — 
mining  indostry — 

lignite :;14 

London  (England) — 
chemical  indnstry— 

apparatus  for 64-00,90,01 

acids 

chrysophanic  (from  goa  powder) 129, 130 

gelseminic 130 

sulphuric 20,64 

valerianic 131 

alkaline  bromides 129 

iodides 129 

aloin 129 

cadmium,  salts 129 

camphor 129 

capsaicine 129 

carbon,  sulphide S9 

tetrachloride K9 

oolchicia no 

creosote 130 

crude  drugs 12V 

corariue 130 

duboisia 130 

essential  oils 128,129 

extracts 130 

fruit  essences 128 

gelatine  preparations 130 

hypophosphites 131 

Ji^ubfs 130 

lithia,  citrate  1 128 

mercury 129 

ozokerit 72 

parafline 72 

perfumery 131 

pilocarpine,  salts 129,130 

pills 130 

potash,  citrate 128 

sulpho-carbonate 89 

xanthate 89 

resins 128 

rubber  coloring  and  vulcanizing  material 89 

salto 128 

soap 131 

soda 50 

sulphur,  chloride 89 

sulphuric  acid 20,  (M 

vermilion,  salts 129 

gas  works,  soda  contained  in  the  waste  of ^ 

machinery  manufacture — 

hydraulic  machines    398 

accumulators 308 

pumps 398 

riveters 308 
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London  (Engliind) —  Page. 

machinery  uianulactiiro — 
niotal-wurking — 

diills 3Mb887 

paper- working — 

printing  prosBes 398 

type  eompoHingand  distributing 893 

steam-engineB... 382,383* 

hoisting 384 

traction 384 

atone-working 896, 889*,  400*.  401*,  402* 

machinery,  apparatus — 

chemical 64-68 

mining  industry — 

prices  in.  the  standard 198 

of  coal M6.217 

copper 216;  217 

iron,  pig 216;  217 

lead 216^217 

silver 216,217 

tin 216,217 

zinc 216^217 

railway  apparatus,  manufactured — 

signaling  systems 467-488 

London  (Ontario,  Canada) — 

chemical  industry 112,128 

London,  Brighton,  and  South  (loast  Railway  Company  (Engluid),  locomotive 445 

London  Exhibition  {we  International  Exhibitions). 
"London  Phanuacoutical  Journal  and  Transactions" — 

on  "elegant  pharmacy"  quoted 115 

on  comniorcA)  in  vanilla  from  Keunion  Island 126 

Long  Island  City,  N.  Y. — 
chemical  industry — 

acetate  of  lead 100 

Longmaid  (England).  Cf>pper  extraction  from  pyrites 207 

Loret  (Sedan,  France),  vegetable  extracts 117 

Louis  XVI  of  France,  mining  industry  under 174 

Louisiana  (see  United  States). 
Louisville,  Ky.— 

machinery  manufacture — 

molding  machines  for  foundries 897, 396 

Low,  Moril/.  (HusHowitz,  Austria),  essential  oils 110 

Lowe  (Charles)  &  Co.  (Manchester,  Engbnd),  carbolic  acid,  naphthaline 130 

Lowig  Brothers  ( Dresden,  Germany),  proc(?8A  of  manufacturing  caustic  soda 51 

hydrate  of  aluminium  for  de- 
colorizing beet-root  Juice. . .  58 

Lucq,  IL  C.  (Pont-sur-Sambre,  France),  drilln,  punches,  shears,  etc.,  for  metal  working 898 

Lunge,  (ieorg  (Zurich,  Switzerland),  writings  on  the  Glover's  tower 17, 18 

Lustin  (Bi'lgiumi — 

ancient  iron  manufacture 281 

LUXEMBCIIG,  GRAND  DUCHY  OF— 
Cemistiiy  axi»  1*haumacy— 

exhibitors,  number  of 7 

awards,  number  of 7 

Miking  iNDUbTKiEii— 

geological  formation 280 

pro<ldCt  ion- 
iron 172 

ore 172,290 

minette 280, 281 

pig 172 

wrought 172 

export — 

inm  to  Bel;;ium 280, 2S1 

L^-man  Bn)liif'i «  (Toronto.  Cunada),  chemic-al  products 77 

pharmari'uticnl  i)reparatipns 112 

Lyman,  Clare,  &,  Co.  (Montreal,  Canada),  potash 77 
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Lyons  (France)—  Page, 

chemical  industry — 

acid,  citric 86 

tartaric 86 

mining  industry- 
pyrites  97 

Lyons,  N.  Y. — 

chemical  industry- 
oil  of  peppermint 159 

Lysaker  Chemical  Works  (Christiania.  Norway),  nitric  and  sulphuric  acids 05 

Lysokil  (Sweden) — 
chemical  industry — 

icthyocuUa,  from  fish  entrails,  for  fining  of  wines 153 

MacDougall  ( Euj^Iand),  mechanical  furnace  for  burning  pyrites  13 

Macfarlan  (J.  I.)  Sl  Co.  (Edinburgh,  Scotland),  substitution  products  of  opium  alkaloids 129 

Mclvor,  Huperintendent  of  cinchona  cultivation  in  Madras,  India 138 

Mackenzie,  John,  government  examiner  of  coal  fields,  Xew  South  Wales,  estimate  of  coal 

yield 242 

McKesson  &,  Kobbins  (New  York  City),  vegetable  drugs,  essential  oils   157, 159 

McLaren,  John  and  Henry  (Leeds,  England),  traction  engines 384 

Mactitar,  James  ( Widnes,  England) — 

revolving  furnace  for  crude  soda  manufacture 37, 38 

calcining  soda 39. 90 

methods  of  regenerating  sulphur  from  soda  waste 43,90 

decomposing  salts  in  solution 45 

MACHINERY  (iududing  tools,  implements,  appliances,  processes) — 

Note.— [//ccotiiofirff  and  apparatus  connected  with  railwayt  are  indexed  under  the  title 
Railway  Apparatus.  1 

cLissificationof  exhibits  (Group  VI,  ChiSH  54)  364 

REPORroN  "Steam  AXD  Gab  KxGlKE^;,"  by  A xintKW  J.  Sweeney 363-387 

illustrations  to  the  report — 

Plate  I. — Woolf  vertical  compound,  variable  cut-off  steam-engine,  T.  &.  F.  Powell, 

Ilouen,  France 372 

Plate  IE. — Horizontal   condensing  steam-engine:  Soci6t6  Suisse  pour  la  Construc- 
tion de  Locomotives  et.de  Machines.  Winterthur,  Switzerland  376 

Plato  III— Apparatus  for  the  instantaneous  generation  of  steam  (by  lir|uid  fuel) : 

C.  J.Dusaulx,  Pari8,Franco 386* 

Figure  1. — Automatic  cut-off  steam-engine :  Jerome  Wheelock,  Worcester,  Mass., 

sectional  view  of  cylinder,  showing  valves 370* 

Figure  2. — Ditto— side  view  of  cylinder,  showing  valve-gears 370' 

Figure  3.— Ditto— valves,  detached 371' 

Figuri'"  4. — Variable  exhaust  steam-engine :  A.  Collmann,  Vienna — ^perspective  view .       373* 

Figures. — Ditto— transvers<?  section 374' 

Figure  6. — fjompound  condeuKing  steam-engine:  Sulzer  Bros.,  Winterthur,  Switz- 
erland          378* 

Figure   7. — Horizontal  compound  condensing   steam-engine:   J.  Hermann-Lacha- 

pelle,  Paris,  France 379 

Figure  8. — Vertical  compound  brotherhoo<l  steam-engine :  G.  Flnnd  &  A,  Cohendet, 

l*aris,  France — vertical  Iongitu4linal  section 381* 

*   Figure  9. — Ditto — vertical  transverse  section 381* 

Figure  10.— Twin-cylinder  steam-engine:  Joseph  Bemnys,  London,  Enghind. .....       382^ 

Figure  11. — Trf^e-felling  engine  (saw):  Rannomes,  Sims,  Sc  Hea<1,  Ip.Hwich,  Eng- 

hind , - 383 

Rbpout  on  •' Machines  and  Machine  TooLft,"  by  Wiluam  T.  Porter 389-402 

illustrations  to  the  report- 
Figures  1, 2, 3. 4. — Stone-dressing  machines :  Bruuton  &  Trier,  Loudon,  England  .  399,*  400* 

401,-*  402- 
exhibits- 
little  novelty  in  194, 195, 36r>.  391, 392, 402 

information  concerning,  withheld  194, 195, 365 

of  United  States  inadequate  . 391 

general  imitation  of  American  patterns 865, 366. 367, 368, 372, 377, 380, 392, 395, 408, 409, 412 

Chemical— 

alizarine  mannfacture 100-108 

Bindsche<ller  &  Busch's  process 101-104,105 

Graebe  &  Liubermann's  process 100,101 
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MACHINERY-Contiiiaed. 

CH£iaCAL— 

chlorine  maaufactarmg  piooeMM U-M 

Deacon  &  Hurter 59;  53, 54 

Dunlop 53 

Ilazouclovor '. .  54 

Hoffmann 53 

Jetzler    53- 

Solvay  (utilizing  ammonia-soda  reaidnoa) 51,52 

Woldon  (regenerating  oxido  of  munganeao) 52 

ice-making  apparatus  (bj'  sulpliurons  anhydride) , 25 

nitric  acid  manufacture 28-28 

recent  impi-ovcroents  in  apparatus 28^27 

paraffino  manufacture — 

reto  I  ts  fur  dist  illation 73 

potash  manufacture  from  beet-root  residues 39 

reverberatory  furnaces 30 

retorts  for  distillation 30 

soda  manufacture 32-51 

ammonia  processes — 

Chius&  Wallace... 49^60 

De  Grousillicrs 48 

Gerlach  (producing  ammonia  salts) 49 

ELonigmann 46^47 

Sdialke 46 

Scherbascheff 48 

Schlosing  &  Kolland 44 

Schmidt 46^48 

Siemens 48 

Solvay • 44-48»49 

caustic  and  sodium  carbonate  proceases— 

Arret 51 

Davis 51 

Dohlig 51 

(inlncberg  &  Forster 51 

Liiwig 51 

TLirion 51 

Vincent 50 

Weldon   51 

crude,  f:-om  sulphate,  Loblanc's  process 37-39, 44^  45 

apparatus,  improvements,  etc. — 

Elliott  &  llussell 87 

Hurgreavis  &,  Robinson 32,88,45 

Kopp  6l  Stromey er 88 

MacUar 37,88,89^45 

Malherbe 38 

Th61en 39 

sulphate,  and  hydrochloric  acid— 
apparatus  and  processes— 

Cammackond  Walker '. 34 

Ilargrca vus  Sl  Robinson 32, 34, 35, 38 

Jones  &  Walsh 83,84,36 

waste,  regeneration  of  sulphur  from 89-43 

method  of  Hewitt 43 

Krausshaar 43 

llactear 43 

Mond 40 

Schafiher 40,43 

Schaffiier  &  Helbig 40-41* 

illustration  of 42* 

spirits,  copper  apparatus  fordiHtilling 2G5 

sulphuric  acid  manufacture   10-2C 

py ritcH  buruei-s 10-lJ 

vitriol  c'liambcra 15-17 

Glover's  tower 1<S,17,19 
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Chbmical— 

Bulphnrio  acid  mannfiictaTe— 

Gay-Luaaao's  tower 16, 18, 10 

concentrating  apporatna 19-22 

glass 21,22 

iron 21 

lead 19,20.24 

platinum 19, 20, 21, 22, 24, 64,  «5, 60, 75, 90, 91 

▼itriol-stone  furnaces 23 

retorts,  flakes 23 

receivers 23 

exhibited 36a-387 

details  of  construction,  styles,  etc 365-369 

fhiming 365,366 

crank-shafts  and  Joumnis 366 

bearings 306 

connecting-rods 367 

guides 367 

valves , 307,368 

vaive-gcars 368, 369 

Steam-engines — 

Austria-Hungary- — 

Colbnann's  variable  exhaust 372-375 

illustrations 373*,  874* 

Belgium- 
Beer's  winding  engine,  for  mines 376, 377 

France — 

Powell's  Woolf  vertical  compound 371, 372 

illustration r 372* 

Hormann-Lachapello's  condensing 378-380 

illustration 370* 

Flaud  &  Cohendet'B  brothcrboofl 380,381 

illustration 381* 

Great  Britain— 

Bemay's  twin-cyliuder 382,383 

illustration 382* 

Ransomes'  tree- felling  (saw) 383, 384 

illustration 383* 

pumping 384 

hoisting 384 

traction 384 

Switzerland — 

Soci6t6  Suisse  condensing 375,376 

illustration 376* 

Sulzer's  compound  condensing 377, 378 

illustration 378* 

United  States— 

Wheelock's  automatic  cut-off 368,369-371 

illustrations 370*,  371* 

apparatus  for  the  instantaneous  generation  of  steam  (by  liquid  fuel,  petroleum, 

naphtha,  etc.):  Dusaulx, Paris,  France 385-387 

illustration 386* 

gas-engines 384,385 

Otto  silent:  Paris.  France 384.385 

Bisschof  vertical :  Paris,  France 385 

hydnudic  engines — 
Austria-Hungary — 

used  in  mines 302 

France- 
used  in  rock-salt  works  181 

compressed-air  engines— 
Austria-Hungary — 

OMd  in  mines ^ 298 
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MACHINERY— Continaed. 
Enoimbs— 

compresaefl-uir  engines— > 
Belgiam — 

useil  in  mines 279 

used  in  mining  industries- 
Algeria — 

number  employed  in  mines 189 

iron 189 

Austria-Hungary — 

number  employed 2961,299 

in  coalmines 296 

hoisting 290,296»3O2 

pumping 296^299 

Belgium — 

number  employed 276,282,287 

pumping 276,278.279.282.284.285 

Cornish  engines 285 

first  largo  rotary  engine :  John  Cockerill  Company 285 

hoisting 276.278.285 

Beer's  winding  engine,  exhibited ...  376^377 

ventilating 278.285 

Frances- 
first  st^um-engino  used  in  (1782) 176,177 

number  employed  in  coalmines Ibl.  182 

iron  mines 181, 182 

rock-salt  mines 181, 182 

rotary  pumping  engines 187 

Portugal — 

hoisting 326^827.329 

pumping 327 

Spain — 

number  employed  in  coal  mines 314.315 

FOBKflTRT— 

cork-cutting:  France 113 

oxhibitof     113 

peat- working:  Sweden 263,264 

production 263 

tree-felling  engine :  England 383, 384 

illustration  383* 

Machinb-tooui — 

exhibits  of 394-396 

Fmnw* — 

geai-cuttcrs 395, 396 

planers   394,895 

new  method  of  lubricating 396 

imint('llig<;nt  imitation  of  American  pattern 395 

shaping-machines,  quick-return  motion 394 

small  tools:  drills, punches, shears, etc 396 

Great  Britain — 

drills  396 

gages .  396 

g<>ar-cutters,  dividing  apparatus 397 

hithes 396 

locomotive-repairing  tools 396 

measuring-machines 396 

milling*machines 397 

screw-cutters 896 

shajting-machines,  quick -return  motion 394 

small  tools 396 

Hurfaco  plates 396 

United  Staters— 

emory  wheels 897 

molding-machine  for  foundries 897, 898 

smalltools:  gear-cutters, taps, reamers, drills, rules, gages, eto 397 
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MACHiyERY-Contiuued. 

metal  wtirkinp; — 

copptT  {tee,  alto,  Pyiites, 

fumaceH  employed :  Kusitia 253 

amelting  works,  rolling  mills :  Swinlen 205 

iron — 

furnaces — 

charcoal  hoarths  in  ancient  Gaul 175 

recf  nt  improvements  in  Great  Brit^iin 211 

Belgium 282 

number  employed:  Kumia  258, 257 

Belgium 281 

ancient  remains  of:  Belgium 281, 282 

lead — 

furnaces  employed :  Russia 252 

"Bleylwrg":  Belgium 280 

reverbcratory,  **  Commem  process" :  Austria 21K) 

used  by  the  ancient  Greeks,  at  Laurium 335 

Pilz :  modem  Greece 338 

nickel — 

extraction  processes 191-193 

Gomier's  process :  cold-blast  cupola  furnace J92 

r<;flning:  reverberating  furnace 193 

platinum — 

BfEttger's  process  of  coating  metallic  objects  with 07 

'•  autogenous  soldering  "  by  oxy-hydrog<"U  blow-pipe 05 

fbrniu-e  with  compound  oxy -hydrogen  bl()w-pii>es  for  making  alloys  of,  with  iridium, 

etc 08 

uio<lel  of,  exhibited  by  the  Commission  du  Mctrt> 08 

pjTites— 

silver  extraction  flrom  the  residues 13-15, 235 

copper  extraction 235 

cyanides  extracted  ftx)m  residues 02 

Pluttnor  chlorination  process 235 

excluded  by  po])ular  sentiment  in  Portugal 327 

quicksilver — 

extraction  processes  various :  Austria 803, 304 

receivers. 303 

retorts 303 

heating  with  lime 803 

furnaces :  Almailen  (1750) 303 

Idria,  boriKontil  (1787) 303 

Leopold,  <|ua(1rupl(>  (1825) 303 

Albert  i,  revprberatory  (1842) 303 

cupola 303.304 

irtm-clad 303, 304 

niuffl<>   303, 304 

ForttehauJlilngtHfen  (reverberatorj-) 303 

silver — 

Luce  &  Kosan  process  of  concentrating 187 

furnaces  employed :  linssia 252 

refining :  Norway 271 

steel— 

fumnres  employed:  Kussiii 257 

tin— 

reverberatory  smelting  furnaces :  Austrolia 239 

furnaces  employ«?d :  Russia 253 

Cbin(>se,  used  in  Banco,  Dutch  East  Indies 342 

Yloaiideren's,  used  in  Bunca,  Dutch  East  Indies 342 

r^verbenitory,  us«m1  in  Banca,  Dutch  East  Indies S42 

value  of  m(*tai  Vorking  nia<-hinery  in  Russia 260 

zinc — 

furnaces  employed:  Russia 255 

Belgium 201 

first  const ructiHl  (1800):  Belgium 290 

shaft,  charcoalbuming :  Italy 312 
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MACHINERY— CoDtinued. 

MlXDCO— 

no  exhibit  by  Aastralia 295 

United  States 2» 

boring;  apparatus — 

Mortensen :  Sweden 206 

diamond  drill 2e» 

Chinese  rope  drill 288 

Burleigh 2M 

Coderblom 366 

IngersoU 260 

Rand 2« 

Sohram 266 

competitive  trials,  in  Sweden 266 

machine  drills,  used  with  dynamite :  Austria   297 

coking  furnaces :  France 188 

engines  for  hoisting,  pumping,  ventilating,  etc.  (tee  engines,  above.) 
hoisting  arrangements — 

disused  in  Sweden 268 

safety  apparatus 183, 185,  IBS 

Cousin:  France  183.185.186 

providing  against  overwinding 186 

steel -cables  replacing  iron :  France 187 

Austria 298 

roi>es  replaced  by  wooden  and  iron  guides :  France 187 

Beer's  winding  engine :  Belgium,  exhibited 376, 377 

cages,  lifting  cars:  Belgium 278 

Austria 298 

ore-dressing— 

improvements  in  France 187 

Austria  298  399 

percussion  tables 298,301 

revolving  tables 302 

continuous  jigs .* 298 

stamp-batteries .296. 290,302 

screens 302 

Blake  crusher 302 

Belgium 285.288,291 

Greece,  ancient 335 

exhibit  of 339 

modem 338 

N  orway 271 

United  States— 

Blake  crasher,  model  exhibited 392 

prospecting  implements — 

magnetic  needle :  Sweden 266 

want  of,  by  the  ancient  Greeks 333 

te^am,  Chinese  boring  apparatus:  Banca   341 

pumping  apparatus  {kte,  alto,  engines,  above). 
water-wheels — 

used  by  ancient  Romans,  in  Portugal 324 

Sweden 286 

Belgium •  2M 

transportation  by  railways  (tee  Railway  apparatus), 
coal-washing— 

improvements  in  France 187 

gold — 

hydraulic  washing- 

in  California 238,355 

by  Chinese 233,855,356 

New  Zealand 333 

puddling,  cradles,  pans,  etc.:  Australia 235 

tin- 
washing,  jigs,  sluices :  Australia ~ 239 
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Papbr  wouKHfo,  exhibits  of 802-394 

Franco— 

engine-tab ^ 392 

Fonrdrinier  machine 302 

printing  presses 392,393 

type  composing  and  distribating  machines 393 

numbering  machines,  for  notes,  tickets,  etc 394 

Great  Britain- 
printing  presses 393 

type  composing  and  distribating  machine ^93 

Stokb-working — 

stone-dressing  machine :  Branton  &  Trier,  London,  KngUuid 398, 400 

illnstrations 399*.  400*.  401*,  402* 

Traitsmission  of  power— 

by  gearing,  in  Eorope 395, 401 

with  helicoidal  teeth 395,397 

Hook's 395 

belting,  in  the  United  States 401 

hempen  ropes.   401, 402 

leather  belt  exhibited :  United  States 401 

hair  belt  exhibited :  France 401 

"Watch-Makixg— 

no  exhibit  of 405.406 

advantages  of— 

produces  interchangeable  parts 408, 409 

superior  workmanship 408, 409, 41 1 

cheapness 408, 411 

increased  prodnction 411 

originally  employed  by  Boston  (Maaa.)  Watch  Company 409 

used  by  American  Watch  Company,  Waltham,  Mass 409, 411 

imitated  or  imported  from  United  States,  in  France 408, 409, 412 

SwitMriand 408,409,412 

not  aBcd4n  England 408 

micrometer  exhibited 414 

Madder,  discovery  (in  1823)  of  two  coloring  matters  in 80 

superseded  as  a  dye-stuff  by  alizarine 100, 101, 113 

cultivation  abandoned  in  France  113 

Maine  (tee  United  States).  ' 

Maison»-Laffltte  (France)— 
chemical  industry — 

borax 88 

boracicacid 83 

manganese,  borate 88 

Malacca  (ees  Great  Britain :  colonies :  Straits  Settlements). 

Maletra  (Rouen,  France),  fhmaoe  for  burning  pyrites J 1, 12 

fits  residues  for  use  in  Bessemer  steel  manufiacture 14 

Malfldano  (Sardinia,  Italy)— 

mining  industry 309-312 

lead 811,812 

silver 312 

«lnc  311,312 

blende 309 

calamine ;^ 309 

cerusite .* 309 

galena 309 

exploitation 810, 811 

operatives,  number  employed 312 

Malherbe,  process  of  manufeoturing  crude  soda    38 

Mallutha  tribe,  Australian  aborigines,  use  otpituri,  coorage-oompelling  drug 133 

Mahnohus  District  (Sweden)— 

mining  industry — 

coal 263 

39  P  E — VOL  4 
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Hanchester  (Enji^ftnd) — 
chemicid  indnstry — 

alam 91 

aliiDiino-ferrio  cok^for  sizing  paper  and  purifying  water 91 

bauxite 91 

carbolic  acid 139 

naphthaUno 1J9 

tetractilorido 130 

machinery  mannfacturo 420 

hydraulic  testing  machine 391 

lathes 396 

locomotive-building  toolo 391 

machine  tools,  gages,  etc 396 

railway  apparatus — 

locomotives. i43r444*,445 

Manganese  (see  Chemistry;  aUo  Mining). 
Manitoba  (see  Great  Britain:  colonics:  Canada). 
Maiblc  (nee  Mining). 
Marchovelette  (Ik)l.:rinm)— 
mining  industry — 

ii-ou 279 

Margueritte  Sc  Lourdeval  (Paris,  Franco),  ammonia-soda  manufacturing  process 44 

Margulies  (B.)  d&  Co.  (Vienna,  Austria),  ammonia,  salts,  siltileter 75 

Marinoni,  H.  (Paris,  France),  printing  presses  39*2, 393 

Markham  introduced  cinchona  cultivation  in  British  India 136-14U 

Marlier  (Franco),  secretary  executive  committee  of  the  **  Intomational  Congress  for  the  Ame- 
lioration of  the  Means  of  Transport" 431 

Marmora.  Sea  of— 

borate  of  lime  deposits 59 

Marseilles  (France) — 
chemical  industry — 

acid,  nitric .       79 

sulphuric    79 

manganese 79 

soda 79.81 

sulphur   78 

gasworks,  ammonia  fh>m  waste  of,  used  in  soda  manufacture SI 

Martinique  (tee  France:  colonies). 
Maryland  (tee  United  States). 

Mason,  James,  managing  director  of  the  mine  of  Saint  Donilngos,  Portugal 331 

Massachusiats  (tre  United  States). 

Mathey,  A.  O.  (Neiichftkel,  Switzerland),  diamantine  (Jewelers'  polishing  miUerial),  boron  and 

artlflcial  carbon  diamonds 156 

Mauritius  ttee  Great  Britain :  colonies). 

Maw,  William  H.,  editor  of  "Engineering,"  London,  Bnghind  433 

Mayen  (Rhenish  Prussia,  Germany)— 
mining  industry — 

43opper 287 

lead S7 

zinoblende 287 

ore-dressing  works 287 

Mayer,  £.,  engineer-in-chief  of  rolling-stock,  Western  Railway  Company  of  France 431 

Mas6-Launay  (France),  distillation  of  iodine  from  kelp 56 

Meiem  (Austria)— 
mining  industry- 
zinc  concentration  works 305 

M6karski,  L.  (Saint  Yve^  France),  president  of  the  Soci6t^  G6nAral6  dss  Moteura  k  Air  Com* 

primd  (Paris),  inventor  of  motor  for  street  and  mine  railways 461, 463 

illustrations  of  his  street-railway  cars 4<I2*,  463*,  464' 

M61as,V.(Milos,  Greece),  sulphur 91 

Melbourne  (Victoria,  Australia) — 
chemical  industr}' — 

propaiations  of  the  eucalyptus  131 

exhibition  (tee  International  Exhibitions). 
Mellor  &  Rittenhouse  (Philadelphia,  Pa.),  eztnust  of  Ucorioe  root>  Jerria,  glycyrrhizene  ^ 169 
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Merawang  (Banoa  Island,  Netheilanda  colony)— 
mining  indnatry — 

gold 848 

Mercnry  {tee  Chemistry;  aUo^  lining). 
Merle,  H.  (Franco),  indastrial  chemist — 

prodnotion  of  chloride  of  potassium 28,84 

improvement  in  coke  towers  for  hydrochloric  add 84 

founded  chemical  works  at  Salindres 84 

Mertola  (Portugal) — 
mining  industry- 
lead 319 

Measina  (Italy)— 

chemical  industry — 

essential  oils 142 

bergamot 142 

orange 142 

lemon 142 

lemon  Juice,  concentrated,  fordtrioadd 142 

Heavin  (Belgium) — 
chemical  industry- 
adds 76 

phosphates 78 

soda , 76 

HXTAL-WORKINa  (ses,  atto.  Machinery:  metal-worldng;  oIsp,  Mining)— 
aluminium- 
exhibits ..88,87,86 

manufiftctures  84, 86 

chemical  balances,  optical  instruments,  etc 85 

prices 86 

alloy  with  nickel 86 

silver 86 

sulphate,  produced  from  iron>fnmaoe  slag 68 

brass,  bronze 285^290,441 

copper- 
extracted  from  pyrites  residues 18, 14, 199, 203, 204, 205, 2(MK  207, 201 

silver  extracted  fh>m  ores  of 208, 201 

alloys  with  nickel  (German  silver) 192, 191 

tin  in  bixmse 441 

distilling  apparatus 268 

parte  of  locomotives 489,440,441,442,444 

gold- 
contained  in  pyrites  residues 18 

used  as  solder  for  platinum 86 

iridium  {§ee  platinum,  below). 
iron— 

parte  of  locomotives 448 

replacing  ropes,  for  hoisting  in  mines 187 

wood,  in  orosbties  for  railways 421 

fhimes  of  railway  cars 426,446^448 

replaced  by  steel,  in  railway  material 420,424 

hoiating-cables  in  mines 187 

alloy  with  nickel 198 

slag  from  smelting  ftimaces  yields  aluminium 58 

pyrites  residues  used  in  smelting 199,207 

lead- 
silver  extracted  from  ores  of J 208,209 

sulphuric  add  condensing  apparatus 19 

nickel — 

manufacture 198,196,271 

alloy  with  aluminium 86 

copper  (German  silTsr) 198 

iron 198 

osmium  (iss  platinum,  below). 
palladinm  (tss  platinum.  Mots). 
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platinum — 

metals  associated  with— 

iridium 66 

exhibits 6Sh«.a7.91 

mathematical  instruments,  weights, etc 08,68,69 

colors  for  porcelain  decoration 69 

as  an  alloy  of  platinum  21,06,68 

osmium 6S 

exhibits OSs 66,87, 91 

pointing  pens,  susjiension-points 69 

palladium & 

exhibit «6, 66;  68. 87, 91 

power  of  absorbing  hydrogen .66^68,91 

I>oints  of  pencils,  lancets,  eto. 68 

mathematical  instruments,  eto 68 

rhodium 65 

exhibit 65.66 

ruthenium .* 65 

exhibit 65^66;  87,91 

exhibits 64, 66;  87, 90, 91 

processes  of  manufBM^ture    64 

fusion 66 

antogenous soldering  (by  oxy*hydrogen  blow-pipe) 66^66^68 

coating  objects  of  metal,  glass,  porcelain 67, 68 

apparatus  for  concentrating  sulphuric  acid 10, 20, 21, 2S,  04, 65, 66, 88, 87, 91 

preparation  with  asbestos:  sulphuric  acid  manufacture 24, 25 

general  chemical  apparatus 06 

colors  for  ceramic  decoration 67, 68 

pyrites  residues- 
extraction  of  copper 13, 14, 199, 208, 204, 965^906;  207, 209 

gold 13 

sUver 18,14,208^209 

used  in  manufacturing  Bessemer  steel  14 

iron  smelting  furnaces 190^207 

iliodium  {Me  platinum,  above). 
ruthenium,  {tee  platinum,  above). 
silver- 
extracted  from  copper  ores 208, 209 

lead  ores 206,206 

pyrites 18,14^206,209 

alloy  with  aluminium Si 

plating 265 

steel — 

manufucture 420,442 

replacing  iron  in  railway  materials 420^424,438 

hoisting-cables  in  mines 187 

locomotive  boilers 440 

Bessemer—  * 

pyrites  residues  used  in  the  manufacture  of 14 

low  cost  of 420 

parts  of  locomotives 440, 443, 444 

rails 428,457 

Martin- 
locomotive  boilers 480^440,441 

tin- 
plating  on  iron 202 

alloy  with  copper  in  bronze 441 

Meter  (=30.371  inches),  definition  of 454 

Metrt,  Oomrniition  du  (France),  preparation  of  standard  measures  of  platinum  and  iridiom tt 

MEXIG(K- 
Chbkistrt- 

exhibit 1S6 

products— 

llnaloe,  essence  155 

Uquidambar,  resin 155 

vanilla 60,126^166 
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MDiLVn  INDUSTUIES— 

gold- 
production 178, 234, 840, 363, 354 

exported  to  United  States 347, 353 

ailver — 

prodnction 178,234,858,354 

exported  to  United  States 347, 353 

Meybridge  (San  FranciBCo,  CaL),  pneumatic  clock 405 

Miaask  District  (Ural  HonntainB,  Buasia) — 
mining  industry— 

platinom 261 

Mlchelet  (Paris,  France),  mana&ctnre  of  superphosphates 57 

Michigan  {See  United  States). 
"  Middlesborough  district"  (Englsnd)— 
mining  industry — 

iron  production 19f 

Mignon  &  Ronart  (Paris,  France),  A.  de  Bisscbofs  vertical  gas-engine 385 

Milan  (Italy)— 

chemical  industry — 

acid,  hydrochloric 88 

nitric 98 

sulphuric 88 

alumina,  sulphate    94 

iron  preparations  for  paint 93 

quinine 141,142,143 

soda,  sulphate  93 

soluble  silicates 94 

sulphur 98 

superphosphates 94 

zinc,  sulphate  93 

Mllo,  Island  of  (Greece)— 
mining  industry — 

sulphur 339 

repressed  by  bad  government,  wars,  etc 339 

Milos  (Greece) — 

mining  industry — 

sulphur 91 

alum 91 

"  Mineral  Map  and  Gsneral  Statistics  of  New  South  Wales"  cited 244 

Mines  of  Bouxevillier  (LaneuveviUe,  France),  prussiate  of  potash 87 

Minette,  iron  ore,  definition  of 280 

MINING  INDUSTRIES— 
[Note. — This  subject  is  indexed  in  detail  under  the  tiUes  qf  the  produdf^f  countries^  vii : 

Austria-Hungary,  Great  Britain  (with  Norway,  , 

Belgium,  colonies),  Peru, 

Bolivia,  Greece,  Portugal, 

Brazil,  Italy  (with  provinces),  Boumania, 

Chili,  Japan,  Russia  (with  provinces), 

China,  Lapland,  Spain  (with  colonies), 

Denmark,  Luxemburg,  Sweden, 

Egypt,  Malacca,  Turkestan, 

France  (with  colonies),  Mexico,  Turkey, 

Germany  (wiih  Netherlands  (with  colonies).  United  States  (with 

individual  states).  New  Grenada,  individual  states). 

iSes,  also,  Fuel ;  Operatives ;  Machinery ;  Metal-working]. 

RxpoBTON  "MDiiKOlirDUBTRiss,*' by  Jamss  D.Haoub 183-361 

prepared  in  part  by  Geobob  F.  Bbckbb 184 

table  of  contents  of ^ 165-170 

classification  of  exhibits  (Group  V ,  class  43) 164 

exhibits  showed  little  of  novelty 187,104,195 

production  of  the  principal  mining  countries 171-173 

coal 171 

gold 178 
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production  of  the  principal  mining  countriee— 
iron — 

bar 172 

ore 172 

pig 172 

lead 172 

silver 173 

steel 173 

ainc 173 

world^s  production  of  gold 231 

silver 234 

coal,  uses  of;  in  Austria 285 

France 177 

Great  Britain 210;211 

Spain 315 

prices  of  metals 196,197 

causes  of  fluctuation  in 196^197 

in  London,  the  standard 196 

for  1880, 1865, 1870-'77— 

of  coal 216^217 

copper 216^217 

iron 21«,217 

lead  216^^7 

silver 216^217 

tin    216^217 

zinc 216,217 

products   [NoTK.— Such  qf  the»e  productt  at  art  prefixed  by  an  aeieriek  (*)  are  further 
indexed  under  Chemistry.] 

adamine 334 

agate 179 

alfenide .         Itt 

*alum  175,178 

*alnminium 184 

*  antimony 17^178,179,229,245.283.298,820,821 

*argentan  192 

argentito 271 

•arsenic 191,192.270,293,338 

*barytes 17? 

•bauxite 178 

•bismuth 293,800,801 

bitumen 17^,181 

brass 184.265,321 

bronze 174 

calamine 282,288,286,287,288^288.810.338 

calchopyrites 204,805 

cassiterito    237.348 

•ccrusite 286 

*  chromium 191, 269, 270, 837 

cinnabar 245,246.801.803,304 

clay .179.218.219,273,320 

Are 263 

potters' 273 

*  coal  (see,  aUo,  Fuel) . .  171, 175, 176^  180, 181, 182, 183, 180, 101, 200, 201. 210, 211, 216, 217. 218. 219. 220, 

225. 228, 229, 241-244. 247. 248, 257. 258, 260, 261, 263, 267. 268. 272, 273, 274, 275, 
276, 277, 278, 293, 204. 295, 306, 307, 808, 313. 314, 815, 316^  320, 340. 344. 437. 440. 

anthracite 175.257,258,307.320 

artiflcial  fuel 183,187 

bituminous 257.258.307 

bog-head 229,244 

kerosene  shale 229. 243. 244. 24& 

Ugnite 145^  176^  177, 178, 247, 248. 267, 293, 204. 2&5, 807, 814. 816^  320. 837. 338 

cobalt 145.175.178,191.247,254,268.269,270,293.800.801.813,320 

collodion 185 
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products — 

*  copper 13, 174. 175, 178, 170, 184, 180, 100, 102, 108, 107, 108, 201, 208-205, 208, 207, 208, 210. 

213. 214. 215, 210. 217, 218, 220. 222. 228, 230, 241, 247. 248, 253, 254, 260, 261. 262, 264. 

265, 260, 268, 209, 1!70. 271, 283, 287, 203, 300, 307, 314, 310, 820, 321. 323-337, 338, 363. 

•pjTites    013, 178, 180. 203, 204, 208, 200,237, 254, 285, 313, 320 

•diamonds 220,337,344 

♦galena 10,145,180.205,270,282.283,284,286,207,290,305,314,333,335 

gamierite  (nickel) 101 

*  gold 171, 173, 174, 179, 181, 190, 101, 197, 218, 219, 228. 229-235. 238. 237. 238,  239, 250, 251, 260, 265, 

268, 293, 321, 333,  340. 343,  MA,  345, 361 

graphite 145,178,170,106,247,259,265,293 

iridium 65.66,69,251 

iridosomine 251 

*  iron 14, 174, 175, 176, 180, 181. 182, 183, 189, 190, 191, 193, 105, 196, 199, 206, 210, 214, 220, 

229. 246, 247, 251, 254, 256, 257, 262, 264, 208, 269, 270, 2r2, 273, 279, 282, 
293, 297, 306, 307. 308, 313, 314, 816, 317, 819, 820, 321, 333, 337. 338. 343. 

barrtes 273 

oast  248,260,261 

chromic 06,251,259,268 

ore 172,178,190,199 

pig 172,183,200,201,206,226,227,228,220,256,281 

pyrites 0,145,178,170,180.230,285,273,283,320,323,333 

Spiegel 206 

wrought 172,183,257,260,261,306 

Jasper 145,170 

lead 172, 175, 178, 179, 184. 187, 189, 190, 197, 198, 205, 208, 209, 210, 213, 214. 216, 217, 218, 219, 

220, 223. 229, 245, 247, 252, 260, 265, 270, 272, 273, 282,  283, 286. 287, 288, 
293, 298, 299.  ::06, 307, 311. 313, 819, 320, 321, 333, 335, 336, 337, 338, 343. 

litharge 184,205,293,335 

•manganese 175,178.179,180,193,26^278,293,306,820,337 

marble 175,170,306,320 

•mercury 145,175,220,245,246,270,293,802,303,304,313.321 

*  naphtha 248 

*  nickel 175, 178, 184, 101. 192. 193, 19G,  247. 254, 265, 268, 269, 270, 271, 293, 300, 301, 313, 320. 338 

•ochre    175 

osmium 65,60,60 

•ozokerit 71,72 

•paUadtum 65,66,68,60 

peat  {see,  alto,  Forustry) 178,180,181,263,264,272,307 

•petroleum 244,258,260,203 

*  phosphates 175, 170 

•platinum 65,66,179,247,248,250-252,260,321,844 

*  pyrites 0, 10, 13, 14, 94, 08, 178, 179, 180, 101, 107, 199, 906, 207, 214, 218, 220, 224, 235, 260, 270, 271, 

279, 818, 822-333 

pyromorphite 28G 

quicksilver 145,175,229,245,246,270,298,302,303,304,318,321 

•rho<1ium  . .   66,  GO 

ruthenium 65, 66, 60, 344 

•salt 247,248,250,260,261,293,306,320 

rook 175.178,181 

sapphires 237 

*  silver 18, 14, 17J,  173, 174, 178, 170, 184, 187, 197, 198, 207, 210, 216, 217, 218, 210, 229, 234, 235, 

236, 247, 2 18, 252, 260, 265, 268, 260, 270, 271. 283. 286, 203, 
207, 298, 300, 301, 318, 310, 320, 821, 838, 335, 838, 345-^61. 

sUitc 179,228,320 

steel 172,176,188,196,197,206,257,260,261,282,806,821 

*  sulphur 145, 175, 178, 170, 181, 101 ,  207, 247, 250, 260, 800, 31 1, 323, 837, 838 

talc 176 

•tin 145,174.175,178,179,190,198,199,202,203,210,212,213,216,217,218, 

219. 220, 221, 228, 236-230, 247, 253. 254, 293, 320, 321, 340, 341, 34*2, 343 

•uranium 298,300,301 

•vermilion 804 

zinc  10,15,173,175,178,179,184,198,100.206,210,214,216,217,218,219,220, 

224, 247. 255, 260, 262, 285, 260, 270, 272, 273, 282, 283, 280^  287, 288, 
289, 290, 291, 208, 297, 305, 300, 800-312, 8IS,  814^  820, 821, 333-880. 
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machinery,  tools,  etc.,  used  dee  Machinery), 
explosives  used  in  mining — 

dynamite,  giant  powder Hi 

power  of,  compared  with  gunpowder 184,  Itt 

experiments  by  Prussian  Government IM 

in  Austria  134,185 

dynamite  gum 185 

nitro-glycerine  less  dangerous  than  saltpeter  powder 184 

exhibits  of 185 

use  in  Austrian  mines .*. 297 

Portuguese  mines ---         325 

accidents  in  mines — 

from  explosives 184 

fire-damp 181 

caving  in. 180^285 

safety-apparatus,  hoisting-machinery  185^  188 

lamps 187 

water- 
importance  of  sufKcient  supply 228, 356 

deficiency  in  Australia 229, 235, 239 

supplied  by  stoi-age  reservoirs  in  Portugal 330, 331 

at  Laurium,  by  the  ancient  Greeks 335 

excess  of,  prevents  deep  mining  in  Poland 255 

difficulties  from,  ic  Belgium 274,275.278.282,284,285 

overcome  by  pumping-engines  278, 279, 282, 284, 285 

supply  abundant  in  Arizona 358 

Colorado 356 

Dakota 354 

Idaho 356 

Nevada 356 

Oregon 356 

Swerlen   266 

Utah 356 

Washington  Tcnitory 356 

precarious  in  British  Columbia 356 

California 229, 356 

Mexico 356 

Montana 356 

New  Mexico 356 

writings,  investigations,  etc.,  refen-ed  to — 

Akermau,  R.,  "  The  state  of  the  Iron  Industry  in  Sweden  " 264 

''Annuaire  de*  Mines,  d'aprisle  Service  dee  Minet*'  (France) 183 

'  'Annual  Report  of  the  Department  of  Mines  "  (Now  South  Wales) 248, 246 

Bell,  I.  L.,  ''Chemical  Phenomena  of  Iron  Smelting" 198,fM>(e. 

'BergundnuUtnmdnnisheZeitung" 341.342 

"'Berichte  dee  Deutsehen  K<m»ulat9  in  San  Francisco'' 345 

Blake,  W.  P.,  "Production  of  Precious  Metals" 34S,  347, 349 

Booth,  J.  C,  estimate  of  fineness  of  California  gold  231 

Boothby,  J.,  "Statistical  Sketch  of  South  Australia" 289, 246 

Broch,  O.  G.,  "ie  Boyaume  Norvige  et  le  Peuple  NorvSgien" 267, 289 

Browne,  J.  Ross,  "Mineral  Resources  of  the  United  States" 345, 349, 350 

Briickmann,  '* Magnolia  Dei''  (on  mining  in  Norway) 270 

Clarke,  W.  B.,  "Mines  and  Mineral  Statistics  of  New  South  Wales" 229, 230, 231. 245 

' '  Progress  of  Gold  Discovery  in  Australasia  from  1880  to  1871 "  230 

writings  on  tin  deposits 237 

coal  deposits 343 

quicksilver  deposits 245,246 

Cordelia,  A.,  "  ia  Oriee  §ur  le  Rapport  Oiologique  et  Mineraiogiqus  " 832 

•  'Le  Launum  " 832, 884. 835, 336 

Comet,  on  Belgium  mineral  industries 272 

De  Groot,  C,  account  of  mining  industries  in  Banca,  Billiton.  etc 840-343 

Do  Lagarde,  D.,  statistics  of  Spanish  mining     318 

Drlgardo,  N.,  geological  investigations  iu  Portugal 322, 328 

Del  Mar,  A.,  " Report  on  Silver  Production  in  the  United  States" 845,858,359,380 
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writLngs,  inTestigatioiiB,  etc.,  referred  to— 

Dixon,  W.  A.,  on  the  the  treatment  of  pyrites 285 

Dnmont,  A.,  estimate  of  Belgian  coal  deposits 274 

"Economist"  (London periodical),  statistics,  etc 108,197,213 

Gamier,  J.,  on  nickel  industry  in  New  Caledonia 191 
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Liversidge,  A.,  investigation  of  coal  deposits.  New  South  Wales 242 

Mackenzie,  J.,  estimate  of  coal  yield.  New  South  Wales 242 

"Mineral  Map  aud  General  SUtistics  of  New  South  Wales'* 244 
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writings  on  gold  deposits 229 

tin-production 289 

coal  formation 241,243 

Minnesota  (eee  United  States). 
Mississippi  {eee  United  States). 
Misslitz  (Moravia,  Austria)— 
chemical  industry — 

essential  oils 110 

carraway 110 
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Misaolonghi  (Greeoo) — 
chemical  indostry — 

salt 91 

MisBoari  {see  United  Staten). 
Miqaelon  («e«  France :  colonies). 

Mitsajf-Boassan-Kuaiaha  (Tokiu,  Japan),  beeawaz,  vegeteble  coloriiig  matter 145 

Miye  (Japan)— 

ch*.  mical  industry — 

opium 145 

Models  of  mines,  in  j^lass 186^189 

plaster - 188 

wire 187.188 

method  of  conatmotion 187, 188 

Modnm  (Norway)— 
mining- 
cobalt 268 

Moldoya  (Hongary)— 
chemical  indnstry — 

copper,  sulphate 75 

soda 75 

snlphnrio  acid 75 

MSUer,  P.  (Christiania,  Norway),  cod-liver  oil 146 

method  of  extracting  oil  by  steam 147 

MolUa  (Switzerland)— 
chemical  industry — 

glue  from  caseine 156 

MONACO- 

Chbmibtkt  and  Phaumacy— 
products — 

caiouba,  simp 146 

eucalyptus  preparations 146 

orange  flowers,  saccharale 146 

perf  umis  prepared  by  a  secret  process — 

ttom  cassia 145, 146 

musk 145 

orange  flowers 145, 146 

orris 145 

tonqua 145,146 

ooumarine 146 

eseenee  concrete  decaeee 146 

Jleurg  d'oranger 146 

deroeede  I*rovenee 146 

principe  odorant  de  Virie 145^146 

dumute 146^146 

Mond,  method  of  regenerating  sulphur  from  soda  waste 40 

Monfalcone  (Austria) — 
chemical  industry — 

anatherine  (dentifrice) 106 

ood-Uror  oil 108 

Monnet(P.)  ScCo.  (LaPlalno,  Switzerland),  chemical  coloring  matter 156 

Mons  (Belgmm)— 
mining  industry — 

coal  27a;S74^27S,a78 

Montana  {§ee  United  States). 
Montebamboll  (Italy)— 

lignite,  analyslMof 307 

Monte-Kexio  (Sardinia,  Italy)— 
mining  industry — 

«hio 308,110 

Montpcllier  (France) — 
chemical  industry — 

acid,  sulphuric 79 

tartaric 79 

alum   79 

aluminium,  sulphate , 58^86 
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Montpelller,  France— Continaed. 
chemical  industry — 

baozito 79;  86 

magnesia «. 79 

salts 79 

Montreal  (Canada)— 
chemical  indastry— 

potash 77 

Montreail  FrArea  Sl  Co.  (Clichy-la'Garenne,  France),  cnrare,  curarlne,  cadmium 118 

Moodyl  R.  W.,  mining  engineer,  description  of  coal  lands  in  New  South  Wales,  quoted 248 

Moonta  (South  Austmlia) — 
mining  industry — 

copper 238 

Moravia  igee  Austria-Hungary:  provinces). 
Horea  (Greece) — 
mining  industry — 

gold  '. 888 

ironpyrites 888 

Moreau,  P.  (Lille,  France),  mineral  acids,  sulphates,  chloroform,  ether,  tannin 88 

Moreauz  (Anizy-le-Ch4teau,  France),  atrophine,  daturine,  oonicine 118 

Moresnet  (Belgium) — 

mining  industry 289,291 

calamine 280^  289 

lead 282 

«iuc 286,291 

calcining  furnaces 286 

ore-dressing  works.      ..     286 

Mori,  R.  ( Koch i,  Japan),  indigo 146 

MOROCCO- 

Chbmistbt  ahj}  Pharmact— 

exhibit 152 

products — 

coffee 152 

colooy  n  th 1 52 

datura 182 

drugs 158 

gaUs    168 

gums 152 

perfumery 152 

senna 152 

Morson  (Thomas)  Sc  Son  (London,  England) — 

creosote,  piiooarpine,  acids,  salts 130 

pepsina  porci 181 

Mortensen  (Sweden),  apparatu s  for  prospecting  for  ores  by  boring 266 

MoHcow  (Russia) — 

chemical  industr}- — 

acids 95 

alkalies 95 

citrates 96 

garancine 96 

glycenne  capsules 150 

protection  for  leather 150 

soda 96 

sulphates 95 

sulphur 96 

Moulin,  L.  (Saint  Denis,  France),  cyanide  and  prussiate  of  potassium,  salts  of  tin,  oanatio 

alkalies 87 

Moustier  (Belgium) — 
chemical  industry- 
soda  76 

Monton  (J.)  Sl  Sons  (The  Hague,  Netherlands),  chemical  and  pharmaoeutioal  preparations, 

quinetum 140 

Mouysset  (Paris,  France),  extracts  fh>m  plants 117 

Mulaton  &Co.  (Lyons,  France),  tartaric  and  citric  acids,  salts 86 

Mulder,  Prof.  6.  J.,  analysis  of  Banca  (Dutch  East  Indies)  tin 848 
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HiillerBroft.  (Bmim,  Austria)  eflsential  oils 110 

M&Uer-Jaoobs,  Dr.  A.  (Zurich,  Switzeriand),  suocedaneuxn  for  oil  in  dyeing  Turkey  red 156 

MurchiaoUf  Sir  B.  I.  (England),  prediction  (1844)  that  Australia  would  be  a  gold-p«x>daci]ig 

oonntry 281 

Muroia,  Prorinoe  of  (Spain)— 
mining  industry- 
lead S13 

dne 314 

iron 315,316 

Mario  (Tuscany,  Italy)— 
mining  industry — 

iiRnit« aoe 

Muspratt  (Leeds,  England),  ammonia-soda  mannflMituring  process 44 

Mycone,  Island  of  (Greece)— 

manganese  deposits 54 

Nadal,  S.  (Yillanueva  de  la  Baroa,  Lerida,  Spain),  soda  ash M 

Kaes  (Norway) — 
mining— 

ironore 20g 

Namur  (Belgium) — 
mining  industry — 

coal  27»» 274,275 

Kancy  (Franco)— 

chemical  manufacture— 

«od» 44,46 

Naphtha  (iss  Mining). 
Naples  (Italy)— 

chemical  industry — 

cream  of  tartar,  ftt)m  the  myrtle 142 

mannite,  from  the  olive I4j 

Narbonne  (France) — 
chemical  industry — 

sulphur  preparations  to  destroy  phylloxera ^ 7H 

Narrow-gage  roads  {§e»  Railways). 

Nasr-EddiUf  Shah  of  Persia,  collection  of  chemicals,  dmga,  hennai  safTruu,  tobacco,  opium,  wincH .  151 

Nattivelle,  C.  A.  (Paris,  France),  digitsline 118 

Navorra,  province  of  (Spain)— 
mining  industry — 

lignite 315 

Naxos  (Greece) — 

chemical  industry — 

salt 9] 

Neddivattum  (British  India;— 
forestry' — 

cinchona  cultivation 131 

Negri  Tapong  (Sumatra,  Netherlanda  colony)— 
mining  industry — 

*i^ 843.344 

Neflgherry  HilU  ^British  India)— 

forestry- 
cinchona  cultivation 13g^  i;^ 

Nelson  province  (Now  Zealand)— 

gold  mining 233 

Nesle  (France) — 

chemical  industry — 

potaah,  from  beet-root  sugar  residues g3 

salta,  from  the  same g3 

NETHERLANDS  (ne^alao,  Amsterdam;  Hague;  Zwolle). 
Chsmibtbt  and  Phabmacy— 

«3tl»iWt ©2,140.141 

exhibitors,  number  of 7 

awards,  number  of 7 

condit  ion  of  the  ind ustry 02 
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NXTH£BLAin)S— Continned. 
Chemibtbt  akd  Pharmact— 
maoufaotnre*— 
acids— 

bydroohlorio 02 

nitric W 

snlphario W 

ammonia,  sulphate 92 

carbon,  bisnlphide 92 

cincbonabark 141 

iron,  salpbate W 

peptones 140,141 

qninetnm 180^140 

soda,  sulphate /. 02* 

stearine OT 

superphosphates 92 

Tanilla,  vaailline 14i 

imports:  cod-Uver  oil  from  Norway 148 

operatiyes:  number  employed 92 

Clocks  and  Watchbs— 

exhibit 406 

MiNINO  INDUBTBIW— 

no  native  minerals 840 

prodnotion  and  consumption — 

coal 226 

copper 222,201 

iron 201,281 

oast '. 201 

wrought 201 

lead 228 

peat 840 

pyrites 224 

steel 201 

tin 212,221 

Eino 200,214,224 

exports— 
copper- 
to  Russia  201 

L'3B— 

to  Belgium 281 

Russia 201 

lead- 
to  Great  Britain 223 

pyrites— 

to  Great  Britain 224 

steel- 
to  Russia 201 

tin 212 

toGreat Britain 212,221 

zinc- 
to  Great  Britain  200,214,224 

imports — 
coal — 

ftom  Great  Britain 225 

copper— 

from  Great  Britain 822 

iron— 

from  Belgium 281 

EAST  INDIA  COLONIES  («««,  also,  individual  colonies,  bOow)-^ 

collective  exhibit 141,340-344 

of  chemistry  and  pharmacy 141 

mining  and  metallurgy 340-344 

account  of;  by  C.  de  Groot 340,341 

geological  formation 340,841 
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KETHERLANDS— Continaed. 
SA8T  Iia)IA  COLONIES— 

HlVIKO  IVDUBTBm— 

coal U^Ui 

diamonds 344 

jrold MQ.S44 

pUtionm 344 

tin M2,840 

mined  by  Chinese  labor MO,M2;M4 

worked  by  Datcb  Gorenuneiit U2 

BAKCA— 

MUCIHO  lNDUflTBIB8— 

gold ^ 34S 

magnetite 343 

tin S40,341-3O 

price  in  London 211 

prodoctiun SU^  343, 344 

parity  840,342 

analytia 343 

mined  by  Cbineae  labor 340, 343 

number  of  operatlTes 342 

geological  ocoorrenoe M^341 

methods  of  working,  procesaes,  appUanoea— 

prospecting :  Chinese  boring  apparatos 341 

open  workings 341 

redacing  the  ore:  fomLces:  Chinese 341,3^ 

Vlaanderen's 341,342 

reverberatory 342 

worked  early  by  natives    342 

since  1816  by  Duioh  Government 342 

geological  formation 341 

BILLITON— 

Mnaxo  Industbiis— 

galena 343 

stockwerke 343 

tin— 

production  202,288,340,841,344 

geological  formation 280^  841, 343 

discovery  of  deposits  (1861) 343 

parity  of 30 

worked  by  a  stock  company 343 

Chinese  labor 343 

tangsten 343 

BOBNEO- 
Miinifo— 

coal 844 

diamonds 844 

gold 844 

itacolamite 841 

platinam 844 

rutbeniam 844 

CELEBES  ISLANDS- 
Ifmufo— 

gold 844 

platinam 844 

ratheniam .«•. 844 

JAVA— 

CHKlfUTBT  AlfD  PHABMACT— 

cinchona  bark 141 

vanilU 0g,141 

FOBBrrBT— 

cinchona  tree  acclimated 141 

varieties  grown 141 
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NETHERLANDS— Continiied. 
EAST  INDIA  COLONIES- 
KAKIMOU— 

MiNIKO— 

caMitorite 3A 

KASSABOUTA  (Molucca  lalands)— 

MiKIMO— 

gold ' 344 

platinnm 844 

ruthenium 344 

SINGKEP— 
Mmnco— 

caasiterlto    343 

SUMATRA- 
MIMING— 

gold 344 

tin 848,844 

Chinese  labor  employed 344 

COLONIES- 
GUIANA— 

CHKMISTBT  AlfD  PHABMAtT— 

oil  of  green  turtle 141 

NeaohAtel  (Switz<'rland) — 
chemical  industry — 

artificial  carbon  diamonds 156 

boron  diamonds 160 

diamantine,  for  polishing  jewelry 166 

National  Observatory — 

observations  on  watches 412 

Nenmayer,  Dr.,  geological  investigations  in  Greece 332 

Nevada  (tee  United  States). 
Newark,  N.  J. — 

chemical  industry — 

essential  oils 160 

New  Brunswick  (w0  Great  Britain :  colonies:  Canada). 
New  Caledonia  (see  France:  colonies). 
Newcastle  (England)- 
mining  industry — 

osokerit  deposits  in  coal  mines 71 

chemical  industry — 

magnesia,  carbonate 01 

potash,  chlorate 00 

satin  white  from  barium  carbonate 00 

soda  ash 00 

Newcastle  (New  Sonth  Wales,  Australia) — 
mining  industry — 

coal  242 

NEW  GRENADA— 

MnONO  IKDUSTBT— 

gold- 
production 178 

New  Hampshire  (iee  United  States). 
New  Jersey  {§ee  United  States). 
New  Mexico  (»m  United  States). 
New  Orleans,  La. — 
forestry— 

plno  products,  turpentine ^ 150 

street  railways — 

flreless  motors  used  on 406 

New  South  Wales  («m  Great  Britain:  colonies:  Australia). 

New  South  Wales  Shale  and  Oil  Company  (Sydney,  AustnOiu),  illumiuatins  oil 244 

Newton  (England) — 
chemical  industry — 

soda 44 

New  York  {§ee  United  States). 
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New  York,  city  of,  N.  T.— 
oheniical  indnstry — 

alkathrepta 100 

axle^grease ISI 

bbrax •.. 9fl,Wl 

camphor  99,161 

castor-oil 161 

epsomsalts. 01^161 

erigeroxi,oilof 159 

esaentixd  oils  157.159 

extracts. 157 

lead,acetate  100 

leather  dressing IflO 

Inbricating  oils 160 

Inbricine 159 

mineral  waters  and  apparatna 159 

morphia 100,161 

peppermint,  oil ». 159 

perfumes 160 

pills 158,159 

sugar  coated 157,156 

plasters 160 

potassium,  brom  ido 100^  161 

io<lide..... 100 

quinia,  valerianate 100 

saltpeter 90,161 

strychnia 100,161 

tanning  preparations 160 

toilet  articles 160 

famish 160 

vaseline 1(0,163 

mannftotures— 

docks 403 

railway  apparatus  mannfifictured — 

streetcars 461 

street  railways— 

flreloss  motors  used  on 463 

New  Zealand  [ttu  Great  Britain :  colonies). 
NICARAUGUA— 

Chemutrt  axd  Phabmact— 

exhibit; 155 

products — 

annoto 155 

cacao 155 

caoutchouc 155 

cashew  nuts 155 

cinchona  bark 155 

copaiba 155 

copalche  bark 165 

crocodile  musk 155 

gutta-percha 155 

indigo 155 

liquidambor 155 

nacascola  bark,  for  tanning 155 

nancite  bark,  for  tanning 155 

sarsaparilla 155 

starch 155 

vitivert 155 

wax,  vegetable 155 

Nickel  (tes  Metal- working;  aZto,  Mining). 

Nickels  (Nancy,  France),  ammonia-soda  manufacturing  process 44 

Nicotera  &  Ca  (Italy),  sulphur 93 

Nietzki,  investigation  of  c>  anides  of  sodium  as  by-products  of  soda- works go 

Nljni-Novgorod,  Government  of  (European  Russia) — 
mining  industry' — 

iron 258 
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Ngre-T^guilsk  district  (Ural  moantains,  Rnssia) — 
miniug  industry— 

platinam 251 

Nitro-glyccrine  (see  Mining:  exploaives). 

Nobel  (Copenhagen),  inventor  of  djnamite-gnn  (explosive) 185 

Xobel&  Co.  (Oermany),  dynamite 184 

Nocq  Fils,  Pommicr,  Sc  Co.  (Noyon,  France),  anlphate  of  alomina,  alum 86 

Kogent-snr-Mame  (France) — 
chemical  industry — 

salts  of  cinchona  alkaloids 117 

quinine,  sulphato 117 

exports 117 

Nordbausen  (Saxony) — 
chemical  industry — 

fuming  sulphuric  acid 22, 25, 27, 73 

North  British  Chemical  Company  (Glasgow,  Scotland),  salt«  distilled  from  sea- weed  charcoal, 

soda,  potash,  acetic  acid,  chloricalcium 90 

North  Carolina  (»ee  United  States). 
Northern  Railway  Company,  France^ 

salon  passenger  car  exhibited 447 

receipts  fVom  traffic 424 

Northwestern  Hallway  Company  (England),  express  locomotive 443, 444 

illustration  of 444* 

North wich  (England)— 
chemical  industry — 

soda 46 

'' Notice 9Mr  la  Mine  de  Pyrite  curietue  de  S.  Domingoei*'  (Portugal)  quoted 322-331 

''Notice  eur  quelque-unes  dee  prineipalee  Mines  de  Vitat  Autrichien''  (goyemmental  publica- 
tion) ,  cited  296, 299, 303  note,  805 

Nottawa,  Mich. — 

chemical  industry — 

essential  oils 159 

Novara  (Italy) — 

mining  industry — 

iron 308 

Nova  Scotia  (see  Great  Britain:  colonies:  Canada). 

NOR  «V  AY  (fee,  abo,  Andoe  Island,  Kongsberg,  Snamm, 

Bergen,  Loffoden  Islands,  Sondmore, 

Christiania,  Hodum,  Stavangor, 

Chriatiansund,  Naes,  Telemark, 

Ekersund,  Ringerike,  Troms5, 

FiiAnarken,  Roeraas,  Tondhjem, 

Fredriksstadt,  Romsdalen,  VestQord). 

Grefvcn&s,  Saetersdal, 

Chbmibtrt  and  Pharmacy— 

exhibit,  chemical 94,95 

pharmaceutical 146-149 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry 94 

chocked  by  want  of  fuel 94 

manufactures — 

cod-liver  oil  (see,  also.  Fishery,  heUno) 146 

for  medicinal  use 147, 148 

'*  oleum  jeeoris  ossein  Jlavum" 148 

manufacturing  purposes 148 

tanning 148 

oxalic  acid,  from  sawdust 95, 146 

soda 95 

production  and  consumption— 

cod-liver  oU 143 

pyrites 9 

fuel  used  in  mannfietctape— 

coal  (wanting) 94 
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Chrmistrt  akd  Piiaumacy— 

prodncta,  by-products,  matcrixils — 

acids — 

hydrochluric 96 

nitric »5,146 

oxalic »5,14€ 

sulphuric »5»146 

ammoniacal  Kilts 14C 

blacking; 146 

CXHllivoroil 129.146-149 

hydrochloric  acid 95, 146 

ink 1 146 

nitricacid 95,146 

oxalic  ac  id 95, 146 

potassa,  bichromate 95 

pyrites 9 

salts,  ammoniocal 146 

soda 95 

sulphuric  acid 95, 146 

sxports — 

cod-liver  oil 147 

to  Belgium 148 

I>ance 148 

Germany 148 

Gnat  Britain 129.U& 

Italy 148 

Netherlands 14* 

Russia 148 

Unitwl  States 14t 

Fisheries— 

forced 146-149 

at  Bergen 146.147 

Findmarkcn 146,147,148,149 

Sondmoro  and  Romsdalcn 146, 147,  H*« 

Vestfjonl  andLoffoden 146,147 

herring 146 

mackerel 146 

products — 

codllveroil 146-149 

for  medicinal  use  {»ee  Chemistry,  dbovf). 

manufacturing  purposes « 147. 148 

tanning 148 

refuf.e  for  manure 147, 148 

number  of  fisherman  employed 147 

Maciiixkry— 

motal-workiug — 

silver  refining  furnaces 27i 

mining — 

ore-dressing 1*71 

Mnnxo  Ixdustriks— 

report  on    267-271 

exhibit 270,271 

gwdogical  format  ion 267. 268 

condition  of  the  industry' 269. 270. 271 

coal  practically  \ranting 267, 2SJi 

cobalt 269,270 

yield  269 

smelting  works 270 

copper 269,270 

yield : 269 

Hmolting  works 270 

gold 268,268 

iron 2t»,270 

yield 269 

smelting  works 270 
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KOBWAY— Continned.  Page. 

lilNINO  IKDUBTBIRA— 

nickel 260,270,271 

yield, 269 

ameltlDg  works 270, 271 

silver 269,270,271 

yield 269 

smelting  works 270, 271 

prodaction  and  consumption— 

argentite 271 

arsenic 270 

ohrominm 269, 270 

coal ^ 268,260 

cobalt 268,269,270 

gold 268,269 

graphite .• 268 

iron 268,269,270 

cast 261 

wrought 261 

chrome 268 

lead 268,269,271 

mercury 270 

nickel 268,269,270,271 

pyrites 9,214,224,269,271 

salt : 261 

silver ...268,269,270.271 

steel 261 

zinc 224,269,270 

exports- 
iron  to  Russia  261,269 

nickel  to  Germany 271 

Great  Britain 271 

pyrites  to  Great  Britain 214.224 

salt  to  Russia 261 

steel  to  Russia 261 

zinc  to  Great  Britain 224 

imports- 
iron 269 

Xoyon  (France) — 

chemical  industry — 

alum 86 

alumina  sulphate 86 

Nuguos.  A.  (Saint-Saulve-lcs- Valenciennes,  France),  potash  from  beet-root  sugar  residues,  soda.  83 

Nyland,  Government  of  (Finland,  Russia)— 
mining  industry— 

copper 253 

iron 267 

Oberhausen  (Rhenish  Pmsaia,  Germany)— 
mining  industry- 
rolling-mill  287 

blendo-roasting  furnaces 287 

Oceanica  {see  France :  colonies). 
Ochro  (see  Chemistry ;  also.  Mining). 

Oesterroiclier  Verein  fUr  Chymische  und  Metallurgische  Production  (Aussig  and  Kralup,  Aus- 
tria)— 

manufacture  of  soda  products 74 

exhibit 74 

works  and  production 74 

Ohio  {see  United  States). 
Oikusz  (Poland,  Russia)— 
luining  industry — 

zinc 255 

Olmutz  (Moravia,  Anstria)— 
chemical  industry — 

metallic  saccharates .         109 

soap 109 
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Olonctz,  Governmont  of  (Earopoon  RoMia) — 
mining  industry — 

coal,  anthracite SS8 

iron SS6 

(Jntario,  a  province  of  Canada  (see  Great  Britain:  ooloniea:  Caiiada). 
OPERATIVES— 

number  employed — 
chemical  industry — 

in  Austria-Hungary 74,  ](M> 

Belgium 76 

Denmark 77 

France « 78. 80, 82, 84, 88, 116;  120 

Great  Britain 88,90 

Italy 92,93,89 

Netherlands 92 

Russia 05,98.150 

Switzerland 97 

fishing— 

in  Norway 147 

mining  and  metallurgy — 

Austria-Hungary 292, 2ft5b  299, 304 

Banca,  Dutch  East  Indies  (Chineae) 3i2 

Belgium 278,282,289 

France 174,180,181.182 

Italy 312 

Russia 260 

Spain   314.315 

Sumatra,  Dutch  East  Indies  (Chineae) 344 

Sweden 264 

railways — 

England 427 

France 427 

Prussia 427 

watch-making — 

United  SUtes 400.411 

women  as — 

chemical  industry — 

Russia 96 

mining  industries — 

Austria-nnngar>- 292, 295 

children  as — 

mining  industry — 

Austria-Hungary 29^  296 

wages — 

chemical  industry — 

Great  Britain 88 

mining  industry — 

Belgium 289 

Franco 180,183 

Great  Britain 197 

Portugal 825 

United  States,  to  whites 849 

Chinese 349 

lowered  by  silver  depreoiation 85>S 

work  performed  by — 
chsmical  industry- 
Germany 47 

mining  and  motallurgy — 

France 174,180,183 

watch-making- 

Switzerland 411 

United  States 411 

expedients  to  economize  labor- 
chemical  industry 23 

France  slow  to  adopt  them 78 
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expedients  to  economize  labor- 
chemical  industry — 

Germany • 48 

Great  Britain 32,8«,»,8» 

foundry  work :  molding — 

United  States 388 

watch-making  by  machinery — 

United  States 408 

provision  for  the  welfare  of— 

Compagnie  des  Mines  d'Anzin,  France 183 

Idria  mines,  Austria 304 

Pribram  mines,  Austria 299 

Saint  Domingos  mines,  Portugal 330,831 

Schneider  St,  Co.,  Creuzot,  France 195 

Soci6t6  Anonyme  de  Bleyberg-es-Montzen,  Belgium , 286 

des  Mines  et  Fonderies  de  Zinc  de  la  Vieille>Montagne,  Belgium. . . .         289 
opposition  to  new  methods  of  manufacture- 
Switzerland 412 

dangers- 
mining  accidents 184,186,285,326 

explosions 184,186 

guarded  against  by  safety  apparatus 185,186,187 

slave  labor — 

in  mines  of  ancient  Greece 334, 336 

Chinese  (coolie)  labor- 
In  gold  and  silver  mining,  in  United  States 849,356 

tin  mining,  in  Dutch  East  Indies 340,342 

Banca 342 

BiUiton 343 

Sumatra 344 

Malacca 212 

Oran,  a  department  of  Algeria  (tee  France :  colonies :  Algeria.) 
Orebro  (Sweden) — 
mining  industry — 

zinc  blende 2(S5 

Oregon  (ses  United  States). 

Oregon  State  Commission,  linseed  oil,  oil-cake  1C2 

Orel,  Government  of  (European  Kussia) — 
mining  industry — 

iron 250 

Orenburg,  Government  of  (European  Russia) — 
mining  industry — 

copper 253 

gold 249 

iron 256 

chromic 259 

Osmium  (tee  Metal- working ;  alto  Mining). 
Otago  province  (New  Zealand) — 

goldmining 233 

Otto  (Paris,  France),  silent  gas-engine 384, 385 

Ouohkoff,  P.  (Yelaboug,  Russia),  alum,  acids,  potash,  etc 95,96 

exports  to  Asia 96 

OuCa,  Government  of  (European  Russia) — 
mining  industry- 
copper 253 

iron 256 

chromic 259 

Ourmiak  (Persia)— 

tobacco 161 

Oviedo,  Province  of  (Spain) — 
mining  iudnstry- 

coal 314 

iron 316 

lignite 315 
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Oxalic  acid  (see  Chemistry). 

used  in  bcot-root  sugar  manafactare 63 

belief  in  its  poisonous  proDerties  erroneooB 61 

Ozyanthraccne,  definition  of 101 

Osokerit  {tee  Chemistry ;  alto  Mining). 

Paisant  d:  Co.  (Pont-VAbb^,  Finist^re,  France),  iodides,  bromides,  etc.,  fh>m  kelp 83 

Palencia,  Province  of  (Spain)— 
mining  indostry — 

coal 314 

Pttlhal  (Portugal)— 
mining  industry — 

copper 319 

Palladium  (tee  Chemistry ;  alto  Metal- working ;  aito.  Mining). 
Panchot  (AvejTon,  France) — 
mining  industry' — 

rolling-mills 287 

Pandemia  (Asia  Minor) — 

borate  of  lime  deposits 52 

Pantano(F.P.)  &Son  (Assoro,  Italy),  sulphur 93 

PAPER— 
materials — 

aluminium  sulphate  replacing  alum 57 

zinc  sulphate,  forsizing 58 

machinery — 

engine-tub 892 

Fourdrinier  machine 899 

num  bering  m  achine,  for  notes,  ticketa,  etc 394 

printing  presses 892,393 

type  composing  and  distributing  machines 893 

Paris  (France)— 

chemical  industry — 
acids — 

acetic 86 

benzoic 64,87 

gaUic 85,86^119 

hydrocyanic 87 

hydrofluoric 87 

nitric 87 

osmic 86 

pyrogallic 86,119 

racemio 130 

salicylic 121 

sulphuric 20,87 

alantine 118 

alizarine ...  .  lig 

alkaloids 117, 120 

atrophine 116, 119, 12<» 

avenine,  Ironi  pericarp  of  oats 71 

barium,  binoxide 85 

chlorate • 86 

baryta ." 119 

benzophenon 85 

bismuth 85,86^118 

bleaching  preparations 85 

bromine 83 

cadmium,  iodide 119 

salts 85 

sulphate 119 

caffeine 119 

calcium,  phosphide 86, 119 

camphor 88,120 

cannabine 120 

cantharidine « 118 
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PariB  (France) — Continued. 

chemical  industry— 

chloi-al,  alcoholate 120 

amylic )20 

etbylic 127 

hydrate 120 

methylic 120 

propylic 120 

chloroform 117 

codeine 119 

cubeba,  preparations  of 117 

cyanides 62,79,80 

dambonite 118 

daturino 116 

digitaline 116,119 

elaterine 119 

erythrit 86,118 

erythropbleine 125 

eserine 119 

ether 117 

eucalyptus,  preparations  of ■ 117 

formates 121 

fruit  extracts 117, 120 

gallium 81 

glucose 118 

glycerine 121 

gold,  chloride 86 

guaranine 120 

hematosine 118 

berapathito 120 

hyoscyamine 119 

igasurine 120 

indigotine 88,118 

iodine 83,121 

iron,  Michel's  ("/erAwu»tigii€") 121 

phosphates 121 

Querenne's 121 

jalap 120 

" jarel  water"  (for  bleaching) 81 

kamaline 119 

lactates 121 

leucine 118 

mannite «...  118 

meconine 119 

menispermine 119 

morphine 119 

narceine 118 

nickel,  sulphate 87 

oil  of  orris 116 

roses 116 

osokerit , 72 

palladium,  chloride 86 

paracotine 119 

paraffine 72,116 

pepsin 120,121.122 

peptones 122,123 

phenol 117 

photographers'  materials 85, 116 

phthallic  anhydride 120 

piUs 117,120 

pilocarpine 116, 120 

platinum,  chloride 86 

cyanide 86,119 

potassa,  permanganate 85,121 
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Paris  (France) — Continoed. 
chemical  indaatry — 

potasBioin,  bromide O 

cyanide K 

salts 83 

powders 117 

quinine 117,120 

scommony,  resin 11(1,120 

silicon 119 

si ver,  nitrate - 86 

soda 44,87 

sodium,  nitro-pmsside 121 

str>'chuine ..  136 

sulphur  products - 7» 

for  destroying  phylloxera 79 

superphosphates.   57 

tannin    i«,  119 

tartar  emetic 119 

thallium  salts - 85 

thobaine U9 

toilet  articles 100,  U4, 115 

triphenylmothan 85 

tyrosine 118 

uranium  salts «<5 

urea K 

vauilliue li) 

vaseline 11* 

zinc,  sulphate 87 

apparatus  used  in  chemical  manoftoture 7S,87, 117 

clock  and  watch  making — 

clocks   40€ 

watches 4(W 

machinery  manufacture- 
machine  tools 386 

metal- working — 

plxmers    3M,395 

gear-cutters 396,  M 

paper- working 382 

printing-presses 882,3»3 

type  composing  and  distributing 393 

numbering 394 

steam-engines 878»  879*,  380. 381* 

steam-generating  apparatus  (by  petroleum,  naphtha,  etc) 885-387 

manufactures — 

fancy  articles,  '* articUa  de  Pans/'  Jewelry (K 

railway  apparatus  manufactured — 

locomotives 433,434* 

passenger  cars 447 

compressed-air  motors  for  street  railways  401, 402*,  463*,  464* 

mines  461 

tireless  locomotives  for  street  railways 462, 463, 465*.  466 

mining — 

early  use  of  coal 176 

slaughter-houses,  refuse  from,  used  in  chemical  manufacture C4,87 

tramways  of— 

street-cars  used  upon 45^-461 

Ceinturo  KaUway — 

transported  passengers  to  the  Exposition 467 

TVestinghouse  air- brake  used 467 

Paris  Exposition  {tee  International  Exhibitions). 
Paris,  Lyons,  uiul  Mediterranean  Kail  way  Company- 
locomotives  exhibited  by 435, 436. 437 

illustration  436* 

Puria  (Italy)— 

chemic4il  industry — 

quinine,  valerianate 141 
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"Payable,"  Aufltralian  provinoialkm,  use  of 229.230 

Pease,  F.S.(Butfalu,N.  Y.),  illuminating  and  lubricating  oils  160 

Peat  (ses  Mining). 

Pechar,  J.  (Austria),  his  work, '' KohUundEUen  in  alien  Ldndemder  Er<U,"  oited 294.307,314 

Pechiney  6c  Co.  (Salindres,  France)— 

method  of  avoiding  cyanides  in  crude  Koda 38 

soda,  magnesia,  potash,  sulphur 84 

aluminium 85 

pyrites  mines  in  Grard  and  Ard6che 84 

saltworks  at  Giraud 84 

PeUetler  (Nogen^sur•Mame,  France),  discoverer  of  quinine 117 

Pellieux  &,  Maz6-Launay  (Kerbnon,  Finistdre,  France),  iodine  from  sea- weed,  varech,  potash, 

bromine,  etc 82 

Penang  (see  Great  Britain :  colonies:  Straits  Settlements). 

Pennsylvania  (gee  United  States). 

Pennsylvania  Kuilroad  Comx>any  use  signaling  system  of  Saxby  &.  Farmer,  London,  England . . .  468 

Pereira,  Mario,  &.  Co.  (Pisa,  Italy),  sulphur,  bisulphide  of  carbon 93 

Perm,  Gk)vemment  of  (£uroi>ean  Russia) — 
mining  industry — 

coal 258 

copper 253 

gold 349 

graphite 250 

iron 256 

chromic 259 

nickel  254 

platinum .  252 

Perret,  fi.  (Paris,  France) — 

amorphous  quinine 117 

I>epain.  pancreatic  preparations,  bromide  of  camphor,  crude  quinium 120 

pepsin,  pepsin-diastase 121, 122 

pyrites  burner 11 

rotary  furnace  for  producing  sulphurous  add 13 

Perret,  Edward  Fa\'re  (Switzerland),  judge  at  the  Centennial  Exhibition,  1876,  report  on  machine- 
watch-making  in  the  United  States,  referred  to 411 

PERSIA  («M,a2«o,Kasbin,Ourmiak,Shiras). 
Chemistry  and  Phabmact— 

exhibit 161 

exhibitors,  number  of 7 

awards,  number  of 7 

products — 

assafcetida 151 

castor-oil  beans 151 

cumin j 151 

henna 151 

mode  of  coloring  the  hair  with 151 

indigo 151 

maddot 151 

mallows 151 

manna 151 

nutgalls 151 

opium 151 

pistachio  nuts 151 

reng 151 

8affh>n 151 

tobacco 151 

wines 151 

PERU  (see,  also,  Antofogasta,  Caravaya). 

ClIBMISTBY  AND  PhARMACT— 

exhibits 97,155 

products,  materials — 

cinchona 117,137,138 

coca 155 

cochineal 156 

iodine 86^78,87,166 
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PEKU— Continued. 

Chkmutuy  aud  Puakmacy— 
products,  mftteriaL»-r- 

saltiK'ter  (««0,  ojto,  soda,  nitrate) 18^97 

soda,  chlorido 27 

nitrate 27, 5^07, 155 

vanilla   156 

manufactures — 

soda,  nitrate 17 

a  government  monopoly 27,  tt 

price  increaaed 28 

iodine,by-produot  of  soda  works 56 

competition  with  European  product 55^  M^  78 

exports — 

cincliona  bark,  to  France 117 

iodine 55 

saltpotor 28 

soda,  nitrate,  to  Great  Britain 27 

lilKINO  IXDUBTBT— 

silver  production ITS 

tin  deposits 226 

exports  to  Groat  Britain 212,221 

Railwatb— 

Fairlie's  (English)  double-boiler  narrow-gage  locomotives  used  on 452*,  453 

Perugia  (Italy)— 

chemical  industry— 

Asparagine 142 

Pesaro  (Italy) 

chemical  industry — 

sulphur  93 

*'  PeUrmann'8 MiUheUungen"  (periodical)  cited  171, 233  noCi^  845-890 

Potit-Bourg  (Seine-tit-Oise,  France)— 
railway  apparatus  manufactured — 

portable  iron  tramway  for  mines,  farms,  factories,  etc 457-4M 

illustration  of  van  for  mines  and  quarries 458*,  459* 

joint  in  rails 487* 

rails 457\4SS^ 

tramway  in  operation  on  sugar  plantation 490* 

Petrio,  W.  (England),  chemical  engineer,  designed  apparatus  for  distilling  sulphuric  acid 06 

PC'trukov,  Government  of  (Poland,  Russia) — 
mining  industry — 

iron 

coal 

Petroleum  {see  Chemistry ;  alio,  Mining). 
Petrowitz  (Auntria) — 
chemical  industry — 

sulphuric  acid 73 

Pettau  (Styria,  Austria)— 
chemical  industry — 

sulphur 75 

Baltx>cter 75 

Pfeiffer,  utilization  in  glass  manufacture  of  residues  Arom  chloride  of  potaasium  manufacture. .  81 

Pharmacio  Cmtralo  de  France  (Paris  and  Saint  Denis),  manulkoture  of  general  chemicals, 

pharmaceutical  coDfectionerj*,  proprietary  articles 118, 118, 120 

PHARMACY.    [Note. — ForeonvenUneeqfr^erenee,  pharmaeeuHctU  matters  are  in^udrd  under 

the  head  q/'Chomistry  and  Pharmacy.] 
Pharmacy^  " Elegant "  (see  Chemistry:  manufactures,  etc.). 
PhelpH,  N.  Y.— 

chemical  industry' — 

oil  of  peppermint If,© 

Philadelphia,  Pa.— 

chemical  industry  98 

ammonia,  sulphate 00,161 
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Philadelphia,  Pa.— Continuod. 
chemical  indiiBtry — 

amyl,  nitrate 167,161 

borberine,  aalts 100,157 

borax 160 

camphor,  monobromide 99,157,161 

oolort 98 

ooamoline 161,102 

elixir* 158 

extracts 157 

glycerine 99 

glycyrrhizine 160 

iron,  dialyzed 158 

Jervia 100 

Ucorioe-root  extract 160 

oil 98 

for  aewing'maohines 159 

I>epain 158 

petroleum 98 

pharmacentloal  articles 98 

perfumes -• 98 

pills 157,158 

sugar 167,158 

potash,  prussiate 99,161 

powders 158 

soap 98,160 

vegetable  maUria  mediea  of  the  United  States,  collection  by  the  Philadelphia  CoUego 

of  Pharmacy 167,158 

mannfkctures — 

watch-cases 405 

railway  apparatus  maun  factored — 

street-cars 461 

cast-iron  car-wheels 469 

Philadelphia  and  Beading  Bailroad  Company,  anthracite-burning  freight  looomotire  exhibited.         469 
Philadelphia  College  of  Pharmacy  (Philadelphia,  Pa.)— 

collection  of  entire  vegetable  materia  fiMdiea  of  United  States 157,159,162 

presented  to  the  £cole  Sup^rieure  de  Pharmacie  de  Paris 157 

Philadelphia  Exhibition  («m  International  Exhibitions). 
Philippeville  (Belgium)— 

pyrites  mines 80 

Phillips,  J.  A.  (Widnes,  England)— 

investigations  of  copper  extraction  from  pyrites    204 

sUvor  from  pyrites 209fiote 

estimate  of  zinc  production 214 

his  "Mining  and  Metallurgy  of  Gold  and  Silver  "cited 231,345 

Phoenicians  (ancient) — 

mining  oi>crations  in  Portugal 323 

Phosphates  (see  Chemistry;  alio,  Mining). 

Phrabat  Somdetja  Phra  Paraminthara  Maha  l^oula  Langkarana  Dodlnthara  Th(*pheja  Maha 
Mangkut  Burus^ja  BatanarAtschA  Bauiuongsa  Uarutama  Phougsa  Bariphat  yarakati:^a 
Batohanika  Bodom  Tjaturan  ta  Taborom  MahA  l^akraphan  di  Batscha  Sangkisa  Boroma 
Phammika  Maha  Batscha  thi  ratscha  Boroma  Naratha  Bophitara  Phra  IJnla  l^oam  Klau 

l^aujuHun,  King  of  Siam,  exhibit  by 150,151 

Phthiotidc  (Greece)- 
mining  industry — 

copper 339 

Phylloxera  (tee,  alio,  Agriculture) — 

ruining  the  vineyards  of  France 79 

chemical  preparations  for  the  destruction  of 78, 70, 83 

Piat^  A.  C.  (Paris,  France),  machine  for  cutting  heliooidal  teeth  for  gearing 395 

Pictct  Ice  Company,  method  of  manufacturing  artificial  ice 25 

shown  in  special  building  at  the  Exposition 25 

Piedmont  (see  Italy:  i>rovinoes). 
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Pierrc-B^nite  (France) — 
ciiemical  indoBtry — 

chloroform 7f 

ethor 79 

potash,  caustic 79 

potasso,  bichromate .' 79 

potassium,  sulphide 79 

soda 79 

Pilsen  (Bohemia,  Austria) — 

vitriol-slutc  duposite 23 

Pirano  (Istria,  Austria) — 
chemical  iuduntry — 

bromine 75 

oliloride  of  lime 75 

salts  from  sea-water 75 

soda 75 

sulphuric  acid 75 

Pir»,  Antony  (Long  Island  City,  N.  Y.),  acetate  of  lead lOOi,  1(J1 

Pisa  (Italy)— 

ohemlonl  industry — 

carbon,  bisulphide 83 

sulphur 93 

Pisagna  Bailway  (Peru) — 

Fairlio's  (English)  doubltvbogie  narrow-gage  locomotive  used  on 453, 454 

illustration  of 452* 

Pitch  (see  Chemistry ;  aUo,  Forestry),  replacing  tar  in  artificial  ftiel 187 

Phinedda  (Sardinia,  Italy)— 
mining  industry — 

zinc 809,311 

Planu  Sartu  (Sardinia,  Italy)— 
mining  industry — 

zinc 309,310,311 

Platinum  («c«t  Chemistry;  a2«o.  Metal- working;  aZ«o,  Mining) . 

Pohl,  mcihod  of  concentrating  brines  for  sulphate  of  soda  manu&cture 35  note 

Poland  {tee  Russia:  i)rovinces). 

Pollak,  J.  (Vienna,  Austria),  fruit  essences 109 

PomarSo  (Portugal) — 

port  constructed  on  the  Ouadiana  Bivcr,  for  exportationof  copper  pyrites  fhmi  Saint  Do- 

miugosmiuc 828,3'J9 

de.Htniet ion  of,  by  flood  (1870).  and  reconstruction 329 

Pomraicr  &  Co.  (Gennovillierrt ,  France) ,  sulphate  of  alumina,  alum K7 

Pondicherry  («<•<!  France :  colonies:  India). 

Poncgritz  (E.),  Son,  &,  Co.  (Biala,  Silesia,  Austria),  essences liu 

PontrAbb6  (Finlstdre, France), 
chemical  industry- 
bromide 83 

chloride ^ . . 83 

Iodide 83 

IH>tash 83 

sodium,  chloride 83 

Pout-sur-Sambre  (Nord,  France) — 
machinery  manufacture — 

drills,  punche-s,  shears,  etc.,  for  metal-working 396 

Pood,  Russian  weight  (=  36.1131  pounds),  definition  of 24^ 

Porcelain  {nee  Ceramics). 

Porion,  E.  ( Wardrecqucs,  France),  salts  tvom  residues  of  alcohol  mannfaotnre 83 

PoiiTRti,  William  T.,  Additional  Commissioner,  Kbport  ox  Machines  and  Machixb  Tools  . .  389, 402 
Port  Modoc  ( Wales)— 

narrow-gage  railway  to  Festiniog 455-457 

Porto  (Portugal)- 
mining  industry — 

tin 820 
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POBTIJG AL  («M,  alio,  Aloaoer-do-Sal,  Grandola,  Porto, 

A^nstral,  Leira,  Saint  Domind^os, 

BaerooB,  Mertola,  Vallengo, 

BoMaco,  Palbal«  Villa  Bcal). 

Evora  Pomarfto, 

Chemistry  and  PnARMACT— 

exhibit 149,150 

exhibitors,  number  of 7 

awards,  number  of 7 

products — 

beeswax .'. . .  149 

honey 149 

olive  oil 149 

pyrites 9,13 

mineral  waters 149 

sulphur : . . .  9 

wines 149 

Douro...^- 149 

Madeira/. 149 

Port 149 

exports- 
wines  to  Great  Britain 149, 150 

United  States 149,150 

mannfac  tures 331 

POBKSTRY— 

eucalyptus  acclimated. 331 

accidental  preservation  of  timber- work  in  ancient  Roman  mines  by  presence  of  cupric 

sulphate 324  note 

Haciiixbrt  (including  tools,  implements,  appliances,  process(;s) — 
metal- working — 
pyrites — 

excluded  by  popular  sentiment 327 

steam  engines  used  in  mines — 

hoisting 320,327,329 

pumping 327 

Mining  Industuies— 

report  on 318-331 

geological  formation 318.322,323 

ancient  works 318,825,330 

of  the  Carthaginians 323 

Phenicians 333 

Romans 323,324,325 

archceological  remains 323, 324 

controlled  by  the  government 318,319 

administration  by  district  inspectors 819 

patent  grants  to  individuals 318, 319 

taxes  upon  concessions 818,319 

mining  law  of  1852 318,319 

promoted  by  the  government 319,320,331 

coal — 

anthracite? 320 

not  worked  steadily 328 

imported  from  England 328 

copper 319.321 

iron 319,321 

lead 319,321 

pyrites 322-3G1 

British  works  at  the  mine  of  Saint  Domingos  («m  Saint  Domlngos). 

chief  supply  of  the  British  industry 322 

salt \ 320 

tin 320,321 

line 320 

operatives — 

wages 325 

provision  against  mining  accidents S2tf 
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POUTUGA  L->Contiiiaod. 

MjyUiQ  INPUSTKISS— 

operatives — 

provision  for  the  wellareof 330 

prodnctlon  and  consumption — 

antimony 820,321 

brass 321 

clay 320 

coal 320,328 

anthracite 320 

lignite 31«,320 

cobalt 330 

copper 319, 321 

galena 319. 33» 

gold 321 

iron 319,320,321 

lead 223.310,321 

lime,  phosphates , 321 

manganrao S20,321 

marble 320 

nickel 330 

platinum 321 

p>Tites 0.13.214,234,322-231 

quicksilver • 821 

salt 261,830 

sUver Ci9,320,321 

slate .  320 

steel 321 

tin 212,23c,  330. 321 

line 830, 321 

exports — 

brass 321 

copper 321 

gold 321 

iron 321 

lead - 321 

to  Great  Britain 223 

lime,  phosphates 321 

manganese SJl 

pyrites — 

to  Great  Britain 18, 214, 23i  322 

quicksilver 321 

salt 20 

to  Russia 20 

silver 321 

steel 321 

tin 321 

to  Great  Britain 212 

zinc 321 

imports — 
coal — 

from  Great  Britain 328 

Pdtnssium,  f(>rro-cyaniue  (^=  yellow  prussiato)  {see,  alio,  Chemistry:  products). 

consumption  in  America  and  Eurojw  61 

Poulenc  &.  Wittmann  (Paris,  France),  salts,  bismuth,  photographic  chemicals S5 

permanganate  of  pot;tssa,  preparations  of  sodium,  iodine,  ete 121 

Powder  Um,  also,  Chemistry:  materials,  etc.;  also,  Mining). 

introduction  of,  stimulated  mining  industry  in  France 174 

Powell,  T.  &  T.  (Rouen,  Franco)— 

vertical  Woolf  steam-eupine 871, 372 

illustrations 371' 

Pni;iuo  (Bohemia,  Austria) — 

ehemical  imluRtrj" 73 

perfumes 110 

rose-water 110 
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Prague  (Bohemia,  Anstria)— Continued 
chemical  industry — 

salts 110 

soap 110 

soda 78 

sulphuric  acid 78 

wax 110 

Prang,  IL  (Bamaoul,  Siberia,  Russia),  soda 96 

Pribram  (Bohemia,  Austria)— 

mining  industry 29&-d00 

galena 207,299 

iron 297,299 

lead 293,298,209,300 

litharge 300 

silver 297,298,800 

zincbiende 297 

machines  employed 298, 299 

operatives,  number  of 299 

provision  for  the  welfare  of 299 

Pritohett,  botanical  exploration  of  Central  Peru,  for  transplantation  of  cinchona  to  India 137 

Prochaska,  F.  ( Prague,  Bohemia,  Austria),  perfumes,  soap 110 

PROTECTIVE  LEGISLATION— 
chemical  iudustry — 

in  Franco 8 

Sicily- 
export  duty  on  sulphur  occasioned  invention  in  England  (1835)  of  process  of  ex- 
tracting sulphuric  acid  from  pyrites 207 

Providence,  R.  L— 

machinery  manufacture— 

emery-wheels 397 

gages,  squares,  rules,  etc 397 

'gcarcutters 397 

machine  tools 397 

Prud'homme  (Mulhouse,  Alsace,  Germany),  report  on  properties  of  alizarine  bine  quoted 106-108 

Prussia  {see  Germany). 

Pullman  Palace  Car  Company  (Chicago,  HI.),  sleeping-car  exhibited 445, 447, 469 

Pulney  Hills  (British  India)— 
forestry — 

cinchona  cultivation 138 

Pumping  engines  («M  Machinery :  engines). 
Puteaux  (France) — 
chemical  industrj- — 

soda 44 

Putz,  method  of  producing  benzoic  acid 64 

Pyrites  («ee  Chemistry ;  a2«o.  Metal-working;  abo,  Mining). 
Pyromorphico  (see  Metxd- working ;  eUio,  Mining). 

phosphate  of  lead,  definition  of 282 

Quebec  («m  Groat  Britain:  colonies:  Canada). 
Qued  Messclmoun  (Algiers,  Algeria) — 

iron  mines 189 

Queensland  («ee  Great  Britain :  colonies:  Australia). 
Qu6vy  (Belgium) — 

mining  industry — 

iron 280 

Quicksilver  (»e«  Mining). 
Qui6vrain  (Belgium) — 

mining  industry — 

coal 273 

Cental  (=220.5  pounds),  definition  of IWnoU 

Radom,  Government  of  (Poland,  Russia) — 
mining  industry — 

iron 2fl6 
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RAILWAYS  (inclading  apparatus,  material,  fixtures) — 

[SoTH.—Tfie  exhibit  of  railway  apparatus  is  indexed  in  detail  under  the  title§  qf  ths  prieseipeU 
exhibiting  eountriee,  viz : 

AuRtria-IIuD^ry,  France,  6re*t  Britain. 

TJie  other  exhibitinff  eountriee  xpere : 
Belgium,  Sweden,  United  States.] 

Italy,  Switzerland, 

RiPOBT  OK  Railway  Apparatus,  by  Wiluam  A.  Akdbbsom 417-IO 

dassiflcation  of  exhibits  (GronpYI,  Class  64) 418 

illastrations  to  the  report— 

Plate  I. — Locomotivo  and  tender :  'Western  Railway  Company  of  France 433* 

Plate  n. — Express  locomotive  and  tender :  Soci6t6  de  Constraction  dee  Batignolles, 

Paris,  France 434* 

Plate  IIL— Heavy  passenger  locomotive :  Paris,  Lyons,  and  Mediterranean  KaUway 

Company,  France 436* 

Plate  IT. — Locomotive  for  passenger  or  flight  service :  Austrian  State  Ilailwav 

Company 440* 

Plate  V. — Locomotive  for  passenger  and  mixed  trains :  Tbeiss  Railway  Company, 

Austria 442* 

Plate  YI. — ^Express  locomotive :  Sharp,  Stewart^  &,  Co.,  Manchester,  England 4M* 

Plate  YII. — First-class  passenger  coach :  Westcnn  Railway  Company  of  France  . . .        446* 

Plate  YIIL — Sleeping-car :  Anstrian  State  Railway  Company 443« 

Plate  IX. — Saddle-tank,  narrow-gage  locomotive :  Black,  Hawthorn,  &,  Co.,  Gates- 

head-npon-Tyne,  England 450* 

Figore  1. — ^First-class  passenger  coach :  Anstrian  State  Railway  Company  448" 

Figure  2.— Second-class  passenger  coach :  Austrian  State  Railway  Company 448* 

Figure  3. — Third-class  passenger  coach :  Austrian  State  Railway  Company 448* 

Figure  4. — Ordinary  covered  freight-car :  Austrian  State  Railway  Comi>any 448* 

Figure  T). — Double-boiler,  double-bogie,  narrow-gage  locomotive:  Fairlie  Engine  and 

RolUugStock  Company,  Bristol,  England 452* 

Figure  C— Section  of  rail  for  portable  tramways:  DeoauviUe,  Petit-Bonrg,  Franco.        457* 

Figure  7.— Joint,  for  the  same ." 457* 

Figure  8. — Tramway  and  cars  for  mines :  the  same 458* 

Figure  9. — Tramway  car  for  minen :  the  same 45J>» 

Figure  1 0. — Tramway  for  sugar  plantations  :  the  snme  460* 

Figure  11. — Section  of  comprcRsod-air  tramway  moUa'.  Sooi6t6  G^tofrale  dee  Mo- 

teurs  h  Air  Comprim6,  Paris,  France 462" 

Figure  12. — Car  with  motor  attached :  the  same 463* 

Figure  13. — Ordinary  car  drawn  by  motor :  the  same 464* 

Figure  14. — Compressed-air  motor  and  street-car:  Comx)agnie  Continentalo  d*£x- 

ploltation  des  Locomotives  sans  Foyers,  Paris,  France 465* 

recent  improvements  in  apparatus  and  material 419, 420, 421 

steel  replacing  iron,  in  construction 420,424.425 

iron  replacing  wood,  in  framing  cars 423,446,448 

cross-ties  preserved  against  decay .424,^ 

of  metal 424 

signalling  systems 422,424,467,468 

automatic  brakes 446,466,467,469 

systems  and  equipments    421-430 

Austria-Hungary 427,^ 

statistics 427 

production  of  material 427,428 

France 423-427 

statistics 424^427 

details  of  construction 425, 426 

Germany — 

no  exhibit 423 

excellence  of  numagement 423 

Great  Britain 428-430 

statistics 429 

substantial  constraction 422,430 

United  States- 
methods  diiTerent  from  European   421-423 

roods,  length  of 421,422 


INDEX.  641 

« 

Page. 

RAILWAYS— Continaed. 
systems  and  equipments— 
United  States - 

methods  different  from  European — 

rapid  construction 421 

character  of  permanent  way 422,  €SS 

car&,  construction  of 422 

class  distinctions  422 

through  tickets 421 

checks  for  baggago 421,422 

signal  systems 422 

gages- 
controversy  concerning 440,450 

standard  (4' 8i"  and  4' 9") , 440 

advantages  of ' 450 

suitable  for  trunk-lines 454 

narrow  (1  meter  =  39.371",  or  less) 440,450,454 

advantages  of 450 

small  cost 450,454,455 

adapted  to  thinly  settled  countries 450 

sharp  curves  and  heavy  grades 450, 453 

suitable  to  be  auxiliaries  to  trunk  lines 450 

material  and  rolling-stock  exhibited  (standard  ^age) 430-4^ 

France,  exhibit  of ...  430,431 

information  withheld 431 

locomotives 431-445 

Austria-Hnngary 437, 442 

specially  adapted  to  inferior  coal 437, 438, 439, 440 

manufacture  of 428 

illustrations 440*,  442* 

classes 438 

France 431-437 

recent  improvements 425 

illustrations 432*,  434*.  430* 

GreatBritain 443-445 

illustration 444* 

United  States 409 

cars 445-449 

countries  exhibiting 445 

Austria-Hnngary 445,447-449 

passenger  car,  flrst-class 447, 448* 

second-class 448* 

third-class 448* 

sleeping-car 448*,  449 

postal  car 447 

freight  cars   448* 

Franco 445-447 

flrst-class  passenger  car 445, 446*,  447 

salon  cars 447 

Unitwl  States- 
sleeping-car 447,449,409 

narrow-ga;;o  material  and  rolling  stock 451-457 

locomotives 451^54 

Austria-IIungary 451 

Belgium 451 

GreatBritain 451-454 

saddle-tank  engine 445, 450*,  451 

double-boiler  double-bogie  engine 451, 452*,  453, 454 

generally  adopted  432, 453, 456 

equipment  of  road  to  Dinros  quarrfes,  Wales   458-457 

engineering  difficulties 455 

cost 455 

locomotives 456 

passenger  cars 456 

41  P  R— VOL  4 
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KAIL  WATS— ContinaeU. 

^jumwa.N  e,  Btrcct  railways — 
France — 

DecauvUle'a  portable  tramway  for  mines,  agricultural,  forest  use,  etc 457-459 

illustrations  of  rails,  cars,  etc 457*,  458*,  45**,  460* 

street  cars 459^  4C6 

construction 450-4SI 

compressed-air  motors  for  propollin*; 461, 402*,  463*,  4G I*,  405*,  466 

advantages  of ' 4(2, 49G 

United  States- 
street  cars 461 

mining  railways — 
Austria-Hungary — 

in  Idria  mines 302 

Pribram  mines 298 

locomotives  for 437 

France— 

Decauvillo's  tramway  and  cars 457, 458*,  45^ 

M6kan»ki's  compressed-air  locomutive 461 

cars  drawn  by  tmdless  chain  at  Andn  mines 183 

Portugal — 

in  Saint  Domiugos mines. 326, 327, 328, 329 

RainfaU- 

imx>ortuncc  to  mining  industries 229 

affected  by  mountain  r.hains 22J 

lland,  boring  appai-atus  for  prospecting  for  nvca 226 

Kansomes,  Sims,  &,  Iltad  (Ipswich,  England)-^ 

tree-fcUiug  stcam-i.-ngiuo 383,384 

perspective  view 383* 

Ilasteray eff,  G.  S.  (Saint  Petersburg,  Russia),  acids,  alkalies,  salts,  etc 95 

Raymond,  Il(»SHitcr  W.  (Xcw  York),  his  "  Mineral  Resources  of  the  States  west  of  the  Rocky 
Mountains;"  "Statistics  of  Mines  and  Mining,"  etc.;   "  Silver  and  Gold ;"  "Production  of 

Silver  and  G«)ld  in  the  United  States,"  etc.,  cited 235, 345, 331, 352, 353 

United  States  Commissioner  of  Mining  Statistics 351 

Reodman,  James  Burgess  ((flasgow,  Scotland),  soda,  citric  acid,  phosphorus 91, 131 

Reimer,  niethtxl  of  producing  vanillin 70. 71 

Reims  (France.-— 

chemical  industry— 

salts  fi-om  suint  of  wool 83 

potash  from  the  same 63 

extracts  from  llowers.  for  perfumerj* 117 

Renard,  (.).  ( Marseilli^M,  France),  sulphur 78 

"Report  and  Actrompanying  Documents  of  the  Unitetl  States  Monetary  Commission"  cited.  .345, 357, 358 
"Report  of  the  Si'lcct  Committee  [of  the  British  Parliament]  on  I>epreciation  of  Silver" 

cited 345,352.35: 

Reschicza  (Hungary)— 

railroad  appuratuM  manufactured — 

sleel  boiler  plates 441 

parts  of  locomotives 442 

Rebola  Bnis.  (Spain),  sulphuric  and  nitiic  acids,  soda 96 

llcstorff,  Ik'ttniann,  &  Co.  ( New  York  City),  leather  dressing  and  bronzing 160 

Reunion  (gee  Fr.iuoc:  colonics). 
Rhode  Inland  {nee  United  States), 
liiazane,  Goveninicnt  ol  (European  Russia) — 
mining  industry- 
iron  256 

coal 25*! 

Rimini  (Italy)— 

chemical  industry — 

sulphur — \ 93 

Ringerike  (Norway)— 
mining — 

nickel 268 

Rio  (Elba,  Italy)- 

port  of  shipment  for  iron -^^ 308 
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Rio-Tinto  (Spain)— 

ancient  Roman  mining  remains 823 

Bhodinm  {tee  Metal-working ;  aUo,  Mining). 

Riohardtion  (John)  &  Co.  ( Leicester,  England),  pills 130 

Richthofeii,  F.  von  (Germany),  his  ''Die  MetaU-Produktion  CMifomienM  und  der  angrenzenden 

Lander'' citeA   345,847,348,849 

Rider,  valvc-genr  fur  engines 380 

Rigaud  Sc  Dutiart  (Paris,  France),  elegant  pharmaceutical  preparations  in  variety 120 

Rimmel.  Eugene  (London,  England),  use  of  oils  from  eucalyptus  in  perfumery 135 

Rohbins,  R.  £.  ( Now  York  City),  promoter  of  machino-manufactare  of  watches 400 

Rohertet,  P.  ( Paris,  Franco),  solid  oil  of  roses IIC 

Rocco,  Paul  (Trieste,  Austria),  pills 109 

Roccatederighi  (Tnsoany,  Italy)  — 
mining  industry — 

copper 806 

Roche-la- Molidre  (France) — 

early  coal  mining  (1321) 176 

Rooourt  (Franco)— 
chemical  industry — 

alcohol 83 

by-products — 

potash 83 

salts 83 

soda 88 

Roeraas^  or  Roeros  (Norway)— 
mining — 

copper 268 

Rogelet,  Jluuzeau,  &  Co.  (Reims,  France),  potash,  salts  from  suint  of  wool 83 

Rolland  (Puteaux,  France),  ammonia-soda  manufacturing  process 44 

RoUing-Htock  (eee  Railways). 

Romagua  Suljiliur  Company  (Bologna,  Italy),  sulphur 93 

Romans  (ancient) — 

mining  operations  in  Elba 308 

France  (Gaul) 174 

Greece  (atLaurium) .'.. 33C 

Portugal  (at  Saint  Domingos) 323,324 

archeological  remains 324 

Spain  328,324 

Romsdalcn  (Nonvay) — 
fishery — 

cod 146,147,148 

Roques.  A.  (Paris,  France),  camphor,  iodine,  bromine 83 

Rorbchach  (Switzerland)— 
chemical  industry — 

leather-dressing 156 

Rose,  H.  J.  (Tonmto.  Canada),  chemical  products 77, 112 

Rosier,  A.  ( Aussig,  Austria),  camphor Ill 

Rossnitz  (Austria)- 

coal  mines    437 

bad  quality  of,  necessitates  mixture  with  other  coals 437, 438 

special  form  of  firebox  on  locomotive 437, 438, 439 

Yields  bad  coke 438 

Rothenhiiusler  (Rorschach,  Switzerland),  oil  for  Russia  leather 156 

Roubaix  (Fmnco)— 
«  chemical  industry — 

potssh 79 

Rouen  <  France) — 

chemical  industry — 

chloral 117 

chloroform 117 

ether U7 

soda 79 

sulphur,  sulphurio  aoid 11 

superphosphates 79 

tannin 117 
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Rnucn  (Fnmoe) — Continned. 
machiiiery  manufactiiTe— 

steam  engines J71*,  375 

EOUMAKIA— 

MnOKG  IKDUSTBIEB— 

exports:  salt  to  Kussia 2«1 

steel  to  Kussia 2C1 

Roure-BertraDd  Fils  (Grasse,  France),  i>erflune8,  pomades 115,116 

vaseline 116 

Roxbury,  Mass.— 
manofactures — 

machine-made  watchus ". 409 

works  of  Boston  Watch  Company  removed  to  Waltham,  liaaa.  (which  tee). 

Royal  Hungarian  Iron  Works  (Brazowa,  Hungary),  boiler-plates,  parts  of  locomotives 44:2 

''  Royaume  de  Suede,  Expo»/i  StatUtique,''  ciifiCL 262 

Rozsnyay,  Mdtyds  (Arad,  Hungary),  coniine,  medicated  confections 14t 

Rabio,  brown  iron  ore,  dotinition  of 317 

analysis  of 317 

Ruble,  Russian  money  (">  $0.75),  definition 2:0 

Ruette  (Belgium) — 
mining  industry — 

iron 2e« 

Ruffi,  E.  (Rimini,  Italy),  sulphur 88 

Rump,  method  of  obtaining  vanillin 71 

Runcorn  (England) — 
chemical  industry- 
soda 89 

caustic 90 

sulphate 89 

Runcorn  Soap  and  Alkali  Company  (Runcorn,  England),  soda 89, 9(i 

Rungboe  (British  India)— 
forestry- 
cinchona  cultivation 139 

RUSSIA  (tee,  aUo,  Bamaoul,  Eouban,  Saint  Petersburg, 

Bisersk,  Eoutals.  Siv-Daria, 

Dagnestan,  Knopio.  Taguilsk, 

Doubrovka,  Leal,  Yaronoga, 

Goroblagodatsk,  Moscow,  Warsaw, 

Knsan,  Olkusz,  Yolaboog)— 

Kiev-Elisabethgrad,  Saint  Michel, 

ClIKlCISTBT  AND  PlIAIlilACY- 

exhibit,  chemical 9o.  96 

pharmaceutical ISO 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry ft3,ir>0 

difficulties- 
want  of  transportation 95 

accessible  coal 95 

necessity  of  importing  machinery 9S 

chemists 95 

manufactures — 

acids 95 

alum 95 

caoutchouc 95 

magnesia 96 

pharmaceutical  products 150 

saltpeter 85,06 

soda 40, 05, 93 

sulphur 95 

production  and  consumption — 

acids 05,96 

caoutchouc  — 05 

magnesia 96 

soda -. 96 
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chTDinatooI  iniu  to  QnM  Britain M 

i:h,nyj.iilrTo.liifWtoA*f» »MW 

roducts.  tiy-produoW.  nuteilala — 

wildi K,M 


U  ftom  Norway 

saltpeter  from  United  SUte*  . . 
tannin  fnunFnnoe 


■ulphnrto 

■alU 

anlw.oUof  

hi-yiH.  albiunea  tmai  ■ . 


ood-liverott 

copper,  (ulphate 

extract*,  TegetAUe.  ■ . 


glyoerlne    

inn,  ohromato  -- 


oil.  e«seDlkal  of  aniae  ]50 

cnmin IW 

peppotmint ISO 

pota»li.  clironiate K 

pyrites W 

«aUp«tor eS,»«.M 


anlphata  .. 
anlphate*  


tin,a«lta... 

Clocu  akd  Watcheb — 

exhibit 

moBlcal  clock,  irith  flgare*,  ate  .  ■ 
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KUSSIA— Continued. 

MAcniKBUY  (including  tools,  imploments,  appUancea,  procesaea)- 
chemical — 

imported  from  other  countriea 96 

ateam-cnginea  employed 96 

metal- work  ing — 

value  of.  in  the  empire 260 

horse-power  of 260 

fumiicos  for  copper 253 

iron 256,257 

silver  and  load 252 

steel i!57 

tin 253 

zinc 235 

MiNIKO  I^'DU8TUIEa— 

rci)ort  on 247-261 

authoritiea  foUc-wed  in 247  not* 

condition  of  the  industry 247, 248, 260 

riae  and  development 247, 248 

governmental  encouragement 249,200 

concessions  to  individuals 348 

co-operation  of  tho  Department  of  Mines "JCO 

unequal  to  the  ne(.>d8  of  tho  country 260 

variety  of  minends 247 

coal 247,257,258 

yield 257,258 

anthracite 257, 258 

bituminous 257,258 

lignite 257,258 

number  of  collieries 257 

.    sources  of  production 247,258 

cobalt 247,254 

occurrence,  geological  formation 254 

yield  251 

number  of  mines 254 

metallurgical  catabliahments 254 

copper 247,253 

yield 253 

number  of  mines 2S3 

metallurgical  establishments 253 

furnaces 253 

sources  of  production 247 

gold 247,248-230 

yield  248,249 

exploitations 248,249 

sources  of  production  248^  250 

mines  belonging  to  the  state 249 

individuals 249 

fnjmphuxjrs   249,250 

vi'in-mining,  little  practiced 249,250 

graphite 259 

yield 259 

number  of  minea 259 

Hcmrces  of  production 239 

iron 247,25«,2:'7 

yield 25d.2S!7 

chromic 96.2:i9 

pig 256,257 

wrought 257 

bars,  rods,  etc 257 

sheets 25T 

steel   257 

number  of  mines  256,259 

blastfurnaces 236,257 

metallurgical  establishments 256,297 
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RUSSIA— Continned. 

HlXiNQ  bfDUBTBY— 

iron — 

sources  of  prodaction ^ 247,250,257 

tead 247,252 

yield 252 

reducing  establishments 252 

furnaces 252 

nickel 247,254 

occurrence,  geological  formation 254 

yield,  metal 254 

oxide 254 

number  of  mines 254 

metallurgical  establishments 254 

petroleum 258 

yield 258 

oil 258 

number  of  artesian  wells 258 

distillation  establishments 258 

sources  of  production  258 

platinum 247,250-252 

occurrence,  geological  formations 250, 251 

quality 251 

yield  251 

refining  relinquished 252 

exploitations 251 

salt    259 

yield 269 

from  saline  lakes 25U 

evaporation 250 

rock  salt 259 

borings 259 

silver 247,252 

yield  252 

reducing  establishments 252 

furnaces 252 

sulphur 259,200 

yield 259,200 

sources  of  production 259.260 

refining  2f  9 

tin 247,253 

yield 253 

number  of  mines 253 

metallurgical  establishments 253 

furnaces 253 

produced  from  a  single  mine  ( Viborg,  Finland) 254 

zinc 247,265 

occurrence,  geological  formation 255 

yield 255 

number  of  mines 255 

metallurgical  establishments   255 

furnaces 255 

sources  of  production  247, 255 

from  surface  workings 255 

subterranean  mining 255 

operatives,  number  of 260 

machinery  In  metallurgical  establishments 260 

Aiel  used  in  manufacture — 

coal 256  note,  260 

increasing  use  of 260 

charcoal 256  note 

production  and  consumption — 

coal  171,225,247,248,257,258,260,261 

anthracite 257 

bituminous 257 

lignite 257 
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RUSSIA— Continaed. 
Mixing  Ikdubtbt— 

prodaction  and  consamption— 

.     cobalt ^47,254 

copper 222, 24» 

gold 178,284.247.248-350.251 

iCraphlto 247,2» 

iridiam 251 

iron 247,286^257 

chromic 08^  251,259 

ore 172 

pig 172.248,250,280.261 

wrought 172,257,280,261 

lead 172, 213, 214. 223. 247.  ^2;  28D 

naphtha 248 

nickel 247,254 

petroleum 258,280 

platinum 247.248.250-232 

salt 247.248,250.280.261 

eUver 173.234.247.248^282 

steel 172,257,260^261 

sulphur   r247, 250^280 

tin 221,247.253.254 

«inc 173,247.255^280 

exports — 

coal 380 

copper 260 

iron 280 

cjist 260 

chromic. 96 

wrought 260 

lead 280 

petroleum 280 

platinum    260 

salt   260 

steel 260 

line. 960 

imports- 
coal 260 

from  Austria 261 

Belgium 261 

France 261 

Germany 261 

Great  Britain 225 

Italy 261 

Turkey 281 

copper 260 

fh>m  Austria 261 

France 261 

Gennany 281 

Great  Britain 222,261 

Netherlands 281 

iron 260 

from  Austria 261 

France 261 

Germany 261 

Great  BriUin 361 

Italy _ 261 

Netherlands 261 

Norway 361 

Sweden 261 

lead 280 

fhtmGreat  Britain 221 

petroleum 360 

salt 280 
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RUSSIA--Coiitiimod. 

MnnNO  IlTDUBTBT— 

imports— 
salU- 

ftom  France 261 

Germany 261 

Great  Britoiu 261 

Italy 261 

Norway 261 

Portagal 261 

Bonmania 261 

Spain 261 

Sweden 261 

steel 260 

from  France 261 

Germany 261 

Great  Britain 261 

Netherlands 261 

Norway 261 

tin,  from  Great  Brtain 221 

sine 260 

PEOVINCKS— 
CAUCASUS— 

MDfINO  AKD  MCTALLUBOT— 

coal  268 

bituminoua 258 

lignite 238 

production 258 

cobalt 254 

production 254 

mines 254 

metallargical  establishments 254 

copper 247 

production 253 

metallurgical  establishments 253 

lead 252 

production 252 

metallurgical  establishment 252 

petroleum 258 

production 258 

silver 252 

production 252 

motallnrgical  establishment 252 

sulphur 260 

EUBOPEAN  BUSSIA— 

MumiO  AKD  Mktallubot- 

coal 268 

Ugnite 258 

bituminous 258 

production 258 

copper 253 

production 253 

number  of  metaUurgical  establishments 253 

gold 240 

production 240 

number  of  exploitations 240 

iron 256 

production 256,257 

number  of  metallurgical  establishments  ...\ 256 

blast  frimaces 256 

iron,chromio 250 

production 250 

number  of  mines 250 
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Paev. 
RUSSIA— CoDtinucd. 
PROVINCES— 

riXLAND,  GRAND  DUCHY  OF  {see,  alto,  Abo)— 

MiXIXU  AND  MBTALLUBGY— 

copper - 247 

production 253 

metallurgical  establishment *^ 

gold 24» 

production 249 

number  of  exploitations 249 

iron r 247 

production 257 

mctaUurf^ical  establishments 237 

blastfurnaces 2:;7 

tin  (only  mine  in  Russia) 247,253»254 

pnnluction 253 

numbei  of  mines 253 

motallurgioal  establishments 253 

furnaces 253 

KIRGHESE  DISTRICT— 

MlNIKO  AXD  MBTALLUBOY— 

coal 258 

]>roduction 256 

copper 347 

production 253 

metallurgical  establishments 253 

gold 249 

production 249 

number  of  exploitations 249 

graphite 259 

petroleum 25b 

POLAND— 

Mlmxg  and  Mbtalluboy— 

coal 258 

bituminous 258 

lipnito 258 

production 258 

iron 247 

production 258,257 

metaUnrj^ical  establishments 256. 257 

blastfurnaces 256,257 

sulphur 259 

mino 259 

refinery 259 

zinc 247,255 

occurrenco 255 

prmluction 255 

number  of  mines 255 

metallurgical  establishments 255 

furnaces 255 

SIBERIA— 

ClIEHUTBT  AND  PllAUHACY— 

materials — 

chromate  of  iron M 

used  in  Russia 96 

exported  to  Enj^land 96 

sulphate  of  soda  deposits 96 

Mining  and  Metalluugy- 

cool 258 

production 258 

copper 253 

production 253 

metallnrsical  establishment 253 

goM 249 

production « * 249 
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BUB8IA— Continued. 
PROVINCES- 
SIBERIA— 

MiNIKO  AMD  MBTALLUBOT— 

gold- 
number  of  exploitations 240 

iron J 267 

production 257 

metallurgical  establishmenta 257 

blast  furnaces 257 

lead 252 

production 252 

number  of  metallurgical  establishments  252 

silver 252 

production 252 

number  of  metallurgical  establishments 252 

Russo- American  Caoutchouc  Manufacturing  Company  (Saint  Pcterttburg,  Russia),  india-rub- 
ber manufactures 95 

Ruthenium  («e«  Metal- working;  olto,  Mining). 

Saetersdal  (Norway)— 
mining- 
copper 268 

Sa&on,  dye-stuff,  grown  in  France 113 

S&gmyra  ( Dalecarlio,  Sweden) — 
mining  industry — 

nickel 265 

Saint  Bel  (France)— 
chemical  industry — 

pyrites ^ 81 

Saint  Denis  (France)— 
chemical  industry — 

caustic  alkalies 87 

drug-powdering  mills 119, 120 

oxalic  acid 63 

potassium,  cyanide 87 

prussiato 87 

tin,  salts ^ 87 

Saint  Domingos  (Portugal)— 
mining  industry — 

copper  pyrites   320,322-331 

workings  of  the  ancient  Romans 323, 324 

Phoenicians 323 

Carthaginians 323 

modem  workings 324-327 

machinery  and  appliances —  325-327 

transportation,  exportation 32G-329 

construction  of  a  port  at  Pomarfto,  on  Guadina  River 328, 329 

operatives,  dwellings  for,  etc 330 

provision  for  the  welfare  of 330, 331 

conducted  by  English  capitalists 831 

Saint  Gobain  (France)— 
chemical  industry- 
alum 81 

potash 81 

soda 81 

sulphuric  acid 81 

glass  manufacture   81 

Saint  Leonard  (Belgium) — 
mining  industry — 

zinc  286 

furnaces 286 

Saint  Louis  (Senegal) — 
chemical  indurtry — 

vettlver 124 
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9aint  Michel  (Ffnlaad,  RuMia)— 
mining  industry- 
Iron tSii 

Sainte  Marie  (Oise,  France)— 
mining  indastry— 

rolUng-milla 287 

Saint  Petersburg  (Rnssia)— 
chemical  industry — 

adds 95.96 

albumen ^ 150 

alkalies 95 

ammonia 95 

blood,  dried,  as  manure 150 

citrates 95 

lead  salts 96 

saltpeter 95 

soda 95 

sulphates 95,96 

sulphur 95 

tin  salts 96 

manufactures— 

india-rubber  goods * 95 

mining  and  metallurgy — 

nickel  refining  at  the  mints 253 

Imperial  Botanical  Garden — 

exhibit  of  vegetable  pharmaceutical  preparations 150 

Saint  Pierre  («m Franco:  colonies). 

Saint  RoUox  Chemical  Works  (Glasgow,  Scotland)  {tee  Tennant  &  Co.). 
Saint  Saulvo-les- Valenciennes  (France) — 
chemical  industry — 

potash  from  beet-root  sugar  residues 83 

carbonato 83 

potassium,  chloride 83 

soda 83 

Sala  (Sweden) — 

mining  industry- 
lead 285 

silver  fh>m  lead  ores 286 

primitive  appliances 266 

Salindres  (Franco) — 
chemical  industry — 

aluminium 84,85 

lime,  chloride 84 

phosphate 84 

potash 84 

soda 84 

sulphur  84 

Salt  (tee  Chemistry ;  aleo^  Mining). 
SALVADOI^- 

CHEIQBTBT  AKD  PlfAIUiACT— 

exhibit 155 

products — 

baumee  du  Salvador 155 

cochineal 155 

cocoanutoil 155 

indigo 155 

mineral  waters 155 

quina  du  Salvador 155 

resins 155 

wax 155 

Solaburg  (Austria)— 
mining  industry — 

copper  298 

salt 298 
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Sandback  (England)^ 
chemical  industry- 
soda  4a 

Sanders,  Dr.  H.  (Amsterdam,  Ncthoriands),  peptone 140,141 

San  Francisco,  Cal. — 
mining  industry — 

shipments  of  buUion  from 349, 350 

gohl 340,347,330 

silver 350 

to  China 350 

England 850 

Japan 350 

Now  York 850 

Panama ^^ 850 

' '  San  Francijico  Mining  and  Scientiflo  Press  ",  description  of  tin-mining  processes 342 

Santander,  Province  of  (Spain) — 
mining  industry — 

lignite 814 

zinc 813,814 

Sapphires  {see  Mining). 
Saracens- 
mining  operations  in  the  Alps. 174 

Pyrenees 174 

Sardinia  {tee  Italy). 

Sarg  (F.  A.),  Son,  &,  Co.  (Vienna,  Austria),  glycerine  soap HI 

Samico  (Italy)— 

chemical  industry — 

naplithaline 142 

Saujot  &  Fouchet  (Paris,  France),  oil  of  orris 110 

Saunders,  W.  (London,  Canada),  fluid  extracts,  crudo  drugs 112, 128 

Savary  (J.)  Sc  Co.  (Nesle,  Franco),  potash,  salts,  etc.,  extracted  from  heet-root  sugar  residues. . .  83 

Savory  Sc  Moore  (London,  England),  fluid  extracts,  tinctures,  gelatine  preparations —  130 

peptodyne,  pancreatic  emulsion 131 

Saxhy  &  Farmer  (Kilbam,  London,  England)— 

railway  signalinc  system 407, 468 

exhibited  at  Centennial  Exhibition,  1876 468 

adopted  by  Pennsylvania  Railroad  Company  468 

Saxony  {tee  Germany). 
SchafiThausen  (Switzerland) — 
chemical  industry — 

manganese,  oxide 97 

regenerated 156 

apparatus  for 156 

Schaflher,  Dr.  Max  (Austria),  method  of  regcnoratiug  sulphur  from  ssda  waste 40, 43, 74 

director  of  soda  works 74 

Schaflher  &  Holbig  (Aussig,  Bohemia,  Austria) — 

method  of  regenerating  sulphur  from  soda  waste. .  i 40-42 

plates  illustrating  apparatus 42* 

description  of 42 

Schafl!her-Mond,  method  of  regenerating  sulphur 84 

Schalke  (Westphalia,  Germany)— 
chemical  industry — 

soda 46 

Scheflcr,  Emil  (Louisvillo,  Ky.),  originator  of  saccharated  pepsin 158 

Schcrbasohcff,  ammonia-soda  manufacturing  process 48,40 

Scheurer-Kostner  (Paris,  France),  experiments  on  loss  of  platinum  in  distilling  sulphuric  acid  21 

Schieflelin  (W.  H)  &  Co.  (New  York  City),  pills 158,150 

Schlosing  (Puteaux,  France),  ammonianBoda  manufiicturing  process 44 

Schlumberger  &  Cerckel  (Paris,  France),  salicylic  acid,  lithium  and  other  salts 121 

Schmidl,  Sal  (Misslitz,  Moravia,  Austria),  essential  oils,  carraway  oil-cake  for  fattening  swine  .  110 

Schmidt  (Denmark),  method  of  preparing  saltpeter 28 

soda  manufacture,  materials 46, 48 

iodine  manufacture 56 
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Schneeberg  (Bohemia,  Austria) — 
mining  iDdnstry— 

early:  fur  argentiferous  galena 903 

calchopyrite 305 

modem :  for  galena 306 

cine-blende 305 

concentration  works 305 

geological  formation 306 

Schneider  &  Co.  (Creuzot,  France, — 

iron  and  steel  exhibit 04,  105,420,434 

jiavilionin  the  Champ  de  Mars 434 

mannflBcturcs  in  steel 420 

steel  raiU  for  Western  Ilailwa}*  Company  of  France 425 

locomotive  and  tender 434, 435 

provision  for  the  welfare  of  operatives  IK> 

Schnof  Bn>8.  (Uetikon,  Switzerland),  sulphuric  acid,  soda,  iron  liqnor  for  sOk  manufactaro  ...  97 

Schram,  boring  apparatus  for  prospecting  fur  ores 206 

Shiitscnberger,  discoverer  of  hydrosulphurons  acid  sodium  salt 25 

Schwab,  F.  C.  (Pcttau,  Styria,  Austria),  sulphur,  saltpeter ^ 75 

Schwartz wald  («m  Black  Forest). 

Sclopis  &  Bochis  (Turin,  Italy),  sulphuric  acid 02,  M 

sulphate  of  magnesia 04 

Scotland,  Scotch  (tee  Great  Britain). 

Scott,  J.  C.  (Boltun,  England),  dividing  apparatus 387 

Seabury  &,  Johnson  (New  York  City),  rubber  medicated  plasters 160 

S6bastino  Manufacturing  Company  (Stockholm,  Sweden),  s6baHtino,  an  explosive,  mixture  of 

nitro-glycerine,  wood  charcoal,  explosive  salts 153 

Sedan  (France)— 

chemical  industry — 

narcotic  plant  extracts j  17 

Sellers,  William  (Philadelphia,  Pa.),  maker  of  machine  tools — 

unintidligent  imitation  of  his  planer  in  France 393 

Sellon,  (England),  description  of  the  manufacture  and  properties  of  platinum  and  allied  metala, 

quoted 04-67 

Selwyn,  A.  R  C,  writings  on  the  coal  formation  of  Victoria,  Australia,  cited 241 

S^mipalatinsk,  Government  of  (Kirghese,  Russia) — 
mining  industry — 

copper 253 

gold  2<9 

graphite 2S9 

Senegal  (tM  France :  colonics). 
Seraing  (Belgium)— 

machinery  manufacture 420   - 

mining  industry — 

coal 275 

Serephos  (Greece)— 
mining  industry — 

iron   339 

Senillas,  E.  (Paris,  France),  method  of  extracting  aveneine  and  vanillin  from  the  pericarp  of 

oats  71 

Soth  Thomas  Clock  Company  (New  York  City),  exhibit  of  clocks 405 

silver  medal  awarded 405 

Seville,  Province  of  (Spain) — 
mining  industry- 
coal 814 

Seybel,  E.  (Vienna,  Austria),  manufacture  of  tartaric  arid  fh>m  wine  lees 75 

Seychelles  (tee  Great  Britain :  colonics). 

Seyd,  £.  (England),  estimate  of  British  silver  production 210 

Sharp,  Stewart,  Sc  Co.  (Manchester,  England)— 

machines  and  tools 396 

express  1  ocomotlve 443, 444 

illustration  of 444* 

Shirax  (Persia)— 

tobacco 151 

winea 161 


INDEX.  655 

Page. 
SIAM— 

COKMISTBT  AND  PUARMACY—  • 

exhibit 160,151 

products — 

be4>8wax 151 

benzoin,  resin 151 

contains  vanillin 71 

birds'  nests,  edible 151 

cardamom  seeds 151 

cinnamon 151 

flowers,  preserved  161 

gum  f;utta 151 

indigo 151 

lac  dyo  -• 161 

lemon  Juice 151 

pepper 151 

pUtachei  de  terre 151 

tamaiinds 151 

tobacco 151 

Siberia  {tee  Russia). 
Sicily  (tee  Italy). 

Siemens,  "W.  (Crcrmany),  apparatus  for  the  manufactun)  of  potassium  carbonate 32 

ammonia-soda  mannfactnring  process 48 

Sierra  Nevada — 

influence  of,  on  rainfall  and  mining ^ 229 

sulphur  dcpoHit.s 9 

Signals  (tee  Railwayn). 

Silesia  (««0  Austria- ITungary:  provinces;  aZ«o, Germany :  provinces). 

Silver  {$te  Chemistry ;  cUto,  Metal- working ;  alto,  Minin;;) — 

flnctuations  in  vnlue 197 

coinage  limittHl  by  tbo  Latin  Union 197 

displacHl  by  gold  us  a  stamlard  of  value    197 

circuLited  by  -weight  and  fineness  in  the  East 197 

Simmering  (Lower  Austria) — 

chemical  industry 73 

saltpet4*r 28 

soda 73 

railway  apparatus  manufactured— 

fh>igb t  cars 428 

pass(*nger  cars .428, 447, 448* 

steel  boilers  for  locomotives 441 

sleeping-cars 448*,  449 

Singapoi*o  [see  Great  liritain :  colonics :  Straits  Settlements). 
Singkep  (tee  Netherlands :  colonies). 
Siv-Daria  (Turkestan,  liussia). 
minincr  industry — 


coal 


Skalkovsky,  C,  mining  engineer,  secretary  of  the  OoiniU  Scientifique  de*  MiruM  (Russia),  his 

'* Tableaux  Statittique  de  Vlnduttrie  de»  Minet  en  Butiie  "  cite<l 247  note,  248 

Slate  (see  Minium). 
Smichow  (Bohemia,  Austria). 

railway  apparatus  manufactured— 

f n^ight  cars 428 

passenger  cars 428 

Smith  (T.  Scil.)  &  Co.  (Edinburgh,  Scotland),  preparations  of  opium 129 

Smith's  Ilomrcopathic  Pharmacy  (New  York  City),  globules,  alkathrepta 160 

Smithsonite,  carbonate  of  zinc,  definition  of 288 

Smyth,  R.  B.,  his  **  Gold  Fields  and  Mineral  Districts  of  Victoria  "  (Anstrolia)  cited 230, 245 

Snamm  (Norway)— 
mining  industry- 
cobalt 268 

Societik  Anoniroa  per  la  Fabbricazione  dclle  Soda  (Leghorn,  Italy),  soda 03 

Soci6t6  Anonyme  d'Alnminium  (France),  aluminium  wares  and  alloys 85 

Soci6t6  Anonyme  de  B6lian  (Mesvin,  Belgium),  aclda,  soda,  phosphates 76 
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Soci6t6  Anon>ine  de  Bloyberg-^Montzen(  Belgium) — 
mining  products — 

galena,  lead,  zino,  etc 282, : 

pumping  machinery 281,28S 

ore-dressing  works 285.286 

provision  for  the  welfare  of  operatives 286 

honorable  mention,  Paris  Exposition,  1867 2SG 

Sooi6t6  Auonyme  do  Croix  (Roubaiz,  Franco),  potnsh,  s;ilts 79 

8oci6t6  Anonyme  des  Mines  de  Malfldano  (Sardinia,  Italy) 800-312 

line  mines  at  Gcnna- Arenas 309, 3lu 

Malfldano 800-312 

Monte-Rexio  300^310 

Phmedda 309,311 

Planu-Sartu 309.310,311 

ore  roasting  ftimace  at  Buggerru 312 

production,  ISCS-'T? 311 

operatives  employed 312 

8ooi6t6  Anonyme  des  Mines  et  Fondcries  de  Zinc  do  la  VieiUe-Montagne  (Li6ge,  Belf^nm) 286-291 

works  and  mines  of,  in  Algeria,  at  Ain-Safra 2S7 

Hamman 287 

Belgium,  at  Angleur 286 

•  Baldas-Lalore 286 

Fldne 286 

Moresnet 286 

SaintLeonard 286 

Tilff 286 

Valentin-Cocq 286 

Welkenraedt 286 

France,  at  Asnidres 287 

Bray 287 

Droittecourt 287 

Panobot 287 

Sainte  Mario 287 

Vivies 287 

Germany,  atBensborg 287 

Borbeck 2?7 

Mayen 287 

Oberiaausen 287 

Uckerath 287 

Wiesloch , 287 

Sanlinia,  in  Igl^sius  district  2S7 

Sweden,  at  Ammeberg 2(5,287 

production,  1880-T7  388 

calamine 288 

coal , ass 

lead 288 

sine  blende 288 

crude 288 

ores 288 

sheet 288 

white 288^291 

operatives,  number 289 

wages    289 

work  p«-rfonued 289 

provision  for  tho  welfare  of 289 

Soci6t6  Anonyme  des  Mines  ot  Csines  de  Sambiv  ct  Meuse  (Hautmont,  France),  soda  manulac- 

tur© 8t> 

Soci6t6  Anonyme  des  Produits  Chimiques  du  Nord  (Lille,  France),  products  of  soda  industry, 

manganese,  superphosphates,  salts 80 

Soci^t^  Anonyme  des  Produits  Chimiques  pour  les  Sciences  et  I'lndustrie  (Paris,  France),  »alts, 

acids,  triphenvlmethan,  benzophenon 85 

Soci^t4&  Anon^-me  des  Produits  Chimiques— fitableasemcnts  Mal^tra  (Paris,  France),  aoda»  acid% 

salto 79 

Societe  Anonyme  des  Soudi^res  du  Griffon  (Marseilles,  France),  soda  prepared  by  ammonia 
fhMDDgasworks    81 
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Soci6t6  <le  CoDstnictiun  dcs  Batignolles  (Paris,  France),  express  looomotivc,  built  for  the  West- 

em  Railway  Company  of  France 433, 444 

illustration  of 434* 

8oci6t6  des  £aux  Mincrales  de  Yidago  (Villa  Heal,  Portngul),  mineral  waters 149 

Soci6t6  des  Manufactiuxs  des  Glaces  ct  des  Produits  Chimiques  de  Saint  Gobuin,  Chaouy,  et 

Cirey  (Franco),  soda  products,  alum,  potaah,  acids,  etc 81 

Soci6t6  des  Usines  do  Laurium  (Greece),  mines  of  lea«l,  -silver,  zinc,  etc. ;  smelting- works ;  ore- 
dressing 337,338 

8oci6t6  Fnin9ai8e  des  Mines  de  Laurium  (Greece),  mines  of  lead,  silver,  zinc,  calamine,  etc 333, 338 

Soci6t6  G6n6ralo  des  Alums  (Civita-Vecchiii,  Italy),  alum,  alumina 04 

SoGi6t6  G6n6nile  des  Moteurs  &  Air  Comprim6  (Paris,  France) — 

engines  and  cars  for  stn»et-railways 461,4(J2, 463 

illustrations  of .' 402*,  463*.  4(J4* 

locomotives  for  mines 461 

Soci^t6  G6n6rale  pour  la  Fabrication  do  la  Dynamite  (France) — 

exhibit ' 185 

tests  of  comparative  force  of  powder,  dynamite,  dynamite-gum,  ete 185 

SociM6  Hilarion,  Iloux,  &.Co. — 

undertook  reHmelting  of  ancient  mining  waste  at  Laurium,  Greece 337 

broken  up  by  rapacity  of  the  Greek  Government 337 

Soci6t6  IIoDgroise  pour  lo  Lavage  des  Laines  (Budo-Pest,  Ilungary),  potash  from  suint  of  wool  75 

Soci6t6  Indu8triell(?  et  Artistique  of  Monaco,  perfumers'  materials 145, 140 

Soci6t6  'robn  Coekcrill  (ttee  Cockerill  (John)  Society). 

Soci6t^  Suisse  pour  la  Construction  de  Locomotives  et  de  Mai^liines  (Winterthur,  Switzerland) — 

horizontal  cc)nd<*n»ing  steam-engine 375, 370 

UluHtration 375* 

Soetbeer,  Dr.  Adolf— 

his  '' EddmctaU-produktion  und  Werthverhaltnisit  ztcUtcJten  Oold  und  Silber^'  (production 

of  precious  metals  und  relative  value  of  gohl  and  silver)  cited 171, 2X1  note^  234 

paper  on  "The  Production  of  the  Precious  Metals  in  the  United  States"  translated  aud 

quoted 345-300 

Solvay  (Ernest)  &  Co.  (Couillet,  Belgium,  and  Nancy,  France) — 

ammonia-80<la  manufacturing  process 44, 45, 40, 49, 70 

cost  of  manufiuturo 40 

chlorine  mannfacturin;;  pioccss 51, 52 

exhibit 76 

works  and  proiluction 70 

Solvay  &,  Co.  (Varang^ville-Dombasle,  France)  soda 81 

Sondmore  (Norway)  — 

eo<l  fishery 140,147,148 

Soumah  (Algiers,  Algeria) — 

iron  mines 180 

SOUTH  AMERICA  («w,  aUo,  Argentine  Republic.        Chili, 

Bolivia,  Peru, 

Brazil,  Venezuela) — 

ClIEMlSTUY  AND  PHARMACY— 

exhibit 97.153-155,157 

exhibitors,  number  of 7 

awanlM,  number  of 7 

materials — 

cinchona. 117 

iodine,  by-product  of  soda  works 55 

displacing  European  manufacture .55, 56, 78 

nitrate  of  sodium  deposits 27 

vanilla (JO 

exports — 

cinchona  bark 117 

iodine 50 

nitrate  of  sodium 27 

to  Great  Britain 27 

8alt]>eter 28 

to  Belgium 28 

France 22 

imports — 

perfumery  from  France 110 

42  P  E — VOL  4 
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Pace. 
SOUTH  AMERICA— ContiouMl. 
Chemistry  axd  PnARMAor— 

prodactA,  by-products,  materials- 
allspice 154 

anise 154 

boro-natro-calcite 59 

caoutchono 154 

oajni  eati,  root 154 

cedar,  reain 154 

ceradilla 1.S4 

oincbona l.>4 

coca 136-138,154.155 

cochineal '  154,155 

copaiba   154 

dye^taffs 154 

elixir  of  coca 154 

encalyptna  preparations 154 

flaxseed 154 

gnarana 154 

io<line 55,  5«,  97, 155 

jaborandi 154 

mat^ 154 

matico 154 

oilofpotro 154 

pimianta 154 

qnobracha  resin 154 

saltpeter 28,97 

sarsaparilla 154 

simarouba 154 

soap 154 

soda  ash      97 

sodiam,  chloride 27 

nitrate 27,28,55,97,155 

salphur 97 

tanning  materials 154 

tartar,  cream  of 97 

ton<iua  beans 154 

Tsnilla C9^  155 

Forestry— 

cinchona  tree,  growth  of;  in  the  Andes 136 

BoUvia 137,138 

Colombia 187. 1» 

Ecaador 137.  IW 

Pom 137,138 

acclimated  in  Martinique l'.*3 

India 186-140 

Java   141 

varieties  of ISh 

medicinal  use  of  {tee  Chemistry:  cinchona,  alto,  quinine). 
Mining— 

gold  production 234 

silver  production 234 

South  Australia  (see  Great  Britain :  colonics :  Australia). 

South  Carolina  (tee  United  States). 

Soathall  Bros.  &,  Barclay  (Birmingham,  England)— 

extnu'ts,  chemicals  for  analytical  purposes,  principles  frt>m  cod-liver  oil 129 

soluble  meat 181 

SPAIN  (w«,  aZ«o,  Alicante,  Felanix,  Navarra, 

Asturlas,  Gerona,  Oviedo, 

Balearic  Isles.  Guipuzcoa,  Palencia, 

Barcelona^  Haro,  Bio  Tinto, 

Bilbao,  Hnclva,  Santander, 

Biscaya,  Leon,  SevilUi, 

BoUnlos,  Lerida,  Teruel, 

Castelton,  LogroDo,  Tharsis, 

Cordova,  Mnrcia.  Torrogrosft)— 
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SPAIN— CoDtinned. 

Chkmistbt  axd  Phabmact— 

exhibit,  chemical — M 

pharmacentical 161,152 

exhibitors,  nnmber  of 7 

awards,  number  of 7 

condition  of  the  indnstry 98,151 

manufiictnres — 

cream  of  tartar,  fh>m  wine  lees 162 

olive  oil 152 

wines 162 

prodnction  and  consumption— 

manpinese,  oxide 96 

pjTiU>8 -.9,18,96 

salt 96 

solphnr 9,96 

exports — 

materials  to  France 96 

Great  Britain 96 

corks 152 

ftiel  used  in  mannfactnre— 

coal 96 

prodactfl,  by-prodaots,  materials — 
acids — 

nitric 96 

solphnric 96 

anise 152 

beeswax 152 

camomUe 152 

oaroaba 1 52 

carthamns 152 

cochineal 152 

digitaline 152 

digitaUs  152 

ergot  152 

ergot  ine 1 52 

ether 96 

extract  of  licorice  root 152 

honey 152 

bops 152 

licorice  root 152 

madder 152 

manganese,  oxide    96 

peroxide 64 

mineral  waters 151 

nitric  acid 96 

olive  oil 152 

opium  152 

pyrites. 9,13,15,96 

saflfton 152 

salt 96 

soda 96 

ash 96 

snip  hur 9, 96 

sulphuric  add 96 

Bumao 162 

tartar,  cream  of 96,152 

wax 152 

wines 162 

wood lee 

Clocks  and  Watches— 

exhibit 405 

FOBBBTBT— 

cork,  exported •. 162 

eucalyptus  aoolimated  and  JDAlarla  dispelled ^  184 
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SPAIN— Cont  inued. 
Machixeut— 

enf^ines,  steam — 

number  employed  in  coalmines 314,315 

MlKUlO  IXDUSTUIEA— 

report  on 313-317 

exhibit  onsatisfaotory 313 

information  wanting Zl'.'> 

checked  by  Carlist  war 190,316 

stimulated  by  railway  building 190,316 

variety  of  minerals 313 

location  of  mineral  deposits 313,314.319.320,323 

great  possible  importance , 313. 315 

obstacles  to 316 

ancient  workings  by  the  Romans,  Carthaginians,  etc 3:!3,334 

coal 313 

location  of  deposits 314 

favorable  for  exportation 313,315 

mining  checked  by  political  maladministration 190, 314. 316 

area  of  deposits 314 

production 314 

number  of  operatives  employed 314, 315 

steam  engines  employed 314, 315 

copper 313 

location  of  mine^ 314 

iron 313,31«,317 

excellence  of 313,316 

location  of  mines 313,314.316 

production 1 316 

analysis  of  vuna  duloe 316, 317 

campanil 316^317 

mineral  rubio  310^317 

lead  313 

location  of  mines 313 

desilverized  in  Great  Britain 209  note 

quicksilviT    313 

zinc 313 

location  of  mines 313, 314 

production  and  consumption — 

coal 171,225,813,314.316 

ant  liracite 314, 315 

lignite 314,315 

amount  used  in  mining  and  metallurgy 315 

railways 315 

illuminating  gas 315 

steam  navigation — navy 315 

mercantile 315 

general  industries 315 

cobalt - 813 

copper 222, 313, 314 

irou 172,176,190,281,313,314,316,317 

ore 172 

pig  172 

wrought 172 

leail 172,175.209  note, 213, 223, 313 

nickel 313 

pyrites 9,  IS,  214, 224. 313, 3?3 

salt 261 

silver 313 

8teel 172 

lin .1 212 

zinc 178,175,214,224,313,314 

exports — 
copper — 

to  Great  Britain 222 
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SPAIN— Contixined. 
MiNDio  Industries— 
export*— 

Iron 316 

to  France 176 

Belginm 281 

lead- 
to  France  175 

Great  Britain 209,213,223 

pyritea— 

to  Great  Britain 18,214,224 

salt — 

toRosaia 261 

tin- 
to  Great  Britain 212 

zinc — 

to  France 175 

Great  Britain 214.224 

importa — 

coal  " 315 

from  Great  Britain 225 

PROVINCES- 
CUBA- 

FOKKSTBT— 

eacalyptus  acclimated  in 134 

dispellin  g  marsh  diseases 1 35 

Mining — 

copper:  exports  to  Great  Britain 222 

Spence,  Peter  (Manchester,  England),  alom.  alamino-ferric  cake 91 

Spencer  (England),  muffle  furnace  for  burning  pyrites 12 

Spooner,  C.  E.,  engineer  of  narrow- gage  railway  from  Port  Madoc  to  Festiniog,  Wales 455, 456 

Sprengel,  H.,  improvement  in  sulphuric  acid  vitriol  chambers 16 

Spruce,  Richard,  botanist ;  botanical  exploration  of  Ecuador,  for  transplantation  of  cinchona 

to  India 187 

Stabilimento  Prodotti  Cliimici  (Fiume,  Hungary),  chemical  products 144 

Stanford  (Glasgow,  Scotland),  manufacture  of  iodine  from  kelp 5C 

Stark  Chemical  Works  (Bohemia,  Austria),  manufacture  of  fuming  sulphuric  acid 22, 23, 73 

Stas,  process  of  separating  alkaloids 125, 138 

Stassfurt  (Germany)— 
chemical  industry — 

borax 59 

bromine 54 

potassium  salts 28,29,80-32,54 

Douglas's  system  of  boring  for 30 

composition  of,  formula 31 

sulphate  of  soda 33 

**  Statittique  de  VlnduMtrie  MirUraW  ciUid 174  twee,  178  note 

Stavanger  (Norway) — 
chemical  industry — 

soda 95 

sulphuric  acid 95 

hydrochloric  acid 95 

Steam  engines  (see  Machinery). 

Retort  ox  **  Steam  and  Gab  Engines,"  by  Akdrew  J.  Sweeney  (mdexed  under  Machinery)  363-367 
Steel  (eee  Metal-working ;  also.  Mining). 

Stephenson  (John)  Company  (New  York  City),  street-railway  cars 461 

Stemfels,  J.  (Leal,  Esthonia,  Russia),  oil  of  cumin 150 

Stevens,  Samuel  G.,  M  D.,  prepared  for  publication  the  Report  on  "Chemical  and  Pharma- 
ceutical Processes  and  Preparations,"  by  Dr.  Thomas  E.  Jenkins,  deceased 2 

Stevenson  &  Co.  (England),  soda  manufacture 35 

Steyerdorf  (Austria) — 

coalmines 437,438 

mixed  with  inferior  qualities  of  Austrian  coal 437, 438, 439 

quality 438 

yields  good  coke 438 
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Steyermark  (Austria) — 

lignite  deposits 2M 

Stockholm  (Sweden)  — 

chemical  indostry IS 

ink 153 

perfumer}' - 15a 

s^bastine  (explosive) 158 

soap 15a 

Stoneware  ($ee  Ceramics). 
Stora-Kopparbcrg  (Sweden)^ 
chemical  industry— 

acid,  sulphuric 97 

copper,  sulphate 9C 

iron,  sulphate 9T 

solphur a7 

mining  industry — 

pyrites - 98L97 

Stora-Kopparberg,  Mines  of  (Sweden),  solphoric  aoid,  solphates  of  iron  and  oofpper 98,97 

discovery  of  selwiinm  by  Eeneliaa 97 

Straits  Settlements  («m  Great  Britain :  colonies). 
Strvet-cars  {see  Bail  ways). 

St  romeyer,  process  uf  manufacturing  cmde  soda 3t« 

Stroud  (New  South  Wales,  Australia)— 
mining  industry — 

coal 342 

Strzelecki,  Count,  discovered  gold  in  Anstralia  (1839) 231 

Styerdorf  (Hnngar}*) — 

cual  deposits 291 

Suess.  E.(  Austria),  his  "ZuJfcuiH^edwGoWe*"  cited 233^345,353 

Sulphur  {tee  Chemistry ;  aUo,  Mining). 
Sulzer  Brort.  ( Winterthur,  Switzerland)— > 

compound  coudensing  steam-engine 377, 37S 

perspective  view t!^ 

Sumatra  Itee  Netherlands :  colonies). 

Sussurbi  (Asia-Minor),  borate  of  lime  deposits 59 

Svappavitra  (Lapland) — 
mining  industry — 

copper 294 

Swansea  (Wales) — 
mining  Industry — 

copper  ore,  price 241 

production W.  S04  moU 

■Uver  ore  manufactured 308 

xincore  manufactured 214 

imported  from  Laurium,  Greece 33S 

Switoi-Ostrow.  island  in  the  Caspian  Sea,  ozokerit  deposits 72 

SWEDEN  {tee,  alto,  .Vrnmebt-rg.  Sleva,  SigiByTm» 

Alvidaberg,  Koping,  Sala, 

Fahlun.  Kopparberg.  Stockholin, 

Gothvmbourg.  Lysekil,  Stofm>Kopparbcrg. 

Hog&nas,  Molmohns,  Tfuiabers, 

Ealmar,  Orebro.  Upsala)^ 

Chkmistkt  and  Piiabmact— 

exhibit,  chemical 96i97 

phiinnaceutical ISS.  153 

exhibitors,  number  of 7 

awards,  nimiber  of 7 

condition  of  the  industry 96 

mannfaotun'S — 

aseptine.  for  preaervin;:  iHwked  food 15:2 

rawmeat. 152 

anatomical  preparationa ISi 

potash 96 

saltpt-ter 9*J 

s^bastine  \exploaive) 151 
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SWEDEN— Continued. 

CHEMISTBr  AMD  PHABMACT— 

manofaotures— 
a^bastine— 

properties  of 153 

sulpborio  acid 96 

superphosphates M 

production  and  consomption— 

aseptine 162 

boric  acid 182,158 

saltpeter 86 

contribution  exacted  b>'  govemment  from  produoers 28 

s6ba8tine 153 

sulphuric  acid 96 

superphosphates 96 

products,  by-products,  materials- 
acids — 

boric 152,153 

sulphuric 96,97 

albumen 152 

arbutus  uvaursl 152 

aseptine 152 

charcoal,  wood 152,158 

copx>er,  sulphate 97 

creosote  oil 152 

icthyocoUa 153 

ink 153 

iron,  oxide 97 

sulphate 97 

malt,  extract 153 

nitro-glycerine 153 

perfumery 163 

potash .' 96 

pyrites 10,96,97 

saltpeter 28,96 

86bastine  (explosiTe) 153 

selenium 97 

soap '. 163 

sulphur 10, 97 

sulphuric  acid 96^97 

superphosphates 96 

tanning  material 152 

tar 152 

turpentine 1 52 

vinegar,  wood 162 

Clocks  and  Watches— 

exhibit 405 

Machinebt  (including  tools,  implements,  appliances,  processes) — 

chemical — 

apparatus  for  distilling  spirits 265 

forestry — 

peat  making 263,264 

production  of. 263 

metal-workings 
copper — 

smelting-works,  rolling-mills,  etc 265 

mining — 

of  a  primitive  character 266 

water-  wheels 266 

prospecting  implements :  magnetic  needle 266 

boring  apparatus 206 

competitive  triids  of 266 

disused 266 

MBTAI/-WORKINO— 

brass 265 
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S  WE  DEN— Continaed. 

MRTA  L-WORKIN  o— 

copper 2*5 

distilliDK  apparatos 265 

German  silver 20 

Bilver-])latinK 265 

MntlXG  LVDUSTHIE8— 

report  on  26*-246 

exhibit 2C2 

goTemmental  explanatory' pnblicatioiis 2S3 

geological  formation 282,265,266 

coal 2C 

inadequate  supply 2© 

obtained  by  importation 283 

yield 263 

copper , 264,287 

occurrence 264 

ore  dressing 264,297 

extraction  processes 264 

smelting  in  blastfurnaces 264.265 

yield 264,263 

metallurgical  establishmenta 265 

gold 265 

extraction  ftom  copper  pyrites 365 

iron  and  steel 262,261 

memoir  on,  by  Professor  Akerman 264 

peat 263.264 

yield 263 

manufacture  by  machinery    263,264 

used  t4>  generat<>  ii^M  fi>v  Siemens  furnaces 264 

fine 285.287 

occurrence,  as  blenc^"    , 265 

conccnlration 265 

yield 265 

prospecting  by  boring  263,266 

magnetic  needle 266 

mining  machiutry  imd  appliances 266 

operatives — 

number  employed  in  copper  works 264 

production  and  consumption — 

clay.  Are  263 

coal in,  225. 263 

cobalt   265. 2S7 

coke 263 

copper 262.264,265,287 

p>Tites 265 

gold 265 

graphite 265 

iron 172,261,262,264 

pyrites 10,265 

ore 172,2fi2,26l 

pifi 172 

wn>ught 172 

lead 265 

manganese 266 

nickel 265 

I)eat 263,264 

salt 261 

steel 172 

silver 265 

zinc 224, 262, 265, 2K7 

exports — 
copper — 

to  Great  Britain 264 
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SWEDEN— Continued. 
Mining  Industribs— 
export)) — 
iron — 

toRassia 261 

salt- 
to  Russia 261 

zinc — 

to  Great  Britain 224 

imports — 
coal— 

from  Great  Britain 1.'25 

Railway  Apparatus— 

oxJiibite 410,423 

passenger  cars 445 

SwBBNEY.  Andrew  J.,  Additional  Commissioner,  Report  on  "Steam  and  Gas  Engines'' 363-387 

Swine  fatttme<l  on  caraway  oil-cake,  in  Austria 11 

SWITZERLAND  (t^«,  alio,  Aarau,  Goneva,  SchaffliauHoii. 

Basle,  La  Plaine,  Uetikon, 

Berne,  Mollis,  Wint<:rthur. 

Ecreuscs-Loole,  NenchAtel.  Zurich)— 

Fleuricr,  Rorschaob, 

CHESaSTRT  AND  PHARMACV- 

exhibit,  chemical 97 

pharmaceutical   155,156 

exhibitors,  number  of 7 

awards,  number  of 7, 8 

condition  of  the  industry 8, 07, 155 

dilliculty  from  absence  of  coal 97 

chemical  materials 07 

manu  factures — 

acids 97 

clilorino 53 

coloring  materials  from  anthracene 101-105, 155, 156 

copper,  sulphate 97 

mimganeeo  oxide,  regeneration  of 07,156 

poliHhing  materials,  artificial  diamonds 156 

salts 97 

soda 97 

sulphuric  acid 12, 97 

production  and  consumption — 

hydrochloric  acid 97 

iron,  liquor  (for  silk  manufacture) 97 

sulpliate 97 

1  imo,  chloride 97 

nitric  acid 97 

pyrites 9,97 

soda 97 

tin,  salts 97 

zinc,  chloride 97 

fticl  uHcd  in  manufacture — 

coal  (deposite  wanting)  97 

operatives — 

numlMT  employed . .'. 97 

products,  by-products,  materials — 

acids 97 

anthroquino-disulphurous 103, 104 

monosulphurous 103, 104 

hydrochloric 07, 105 

hydrosulphnrous 105 

nitric 97,104 

sulphuric 97,102,103,105 

fuming  (Xordhausen)    103 

alizarine 101,103,104 

alumina 105,156 
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SWITZEBLAND— OontiBued. 

ChJCMUTRT  and  PnABMACT— 

producU,  b3--produot«,  matftrialu 

anthraoene 101,108,104 

anthraqninone 103,10S,106 

bar^'ta 105 

bonzino -- 104 

*•  boron  diamonda" 156 

caseine - 1&5 

obrome    - - 105 

sulphate 102 

ooloriug  preparations 101-105,156.156 

copper,  sulphate 9i 

diamau  Un  e,  f or  poliahing  J  ewelry,  eto 156 

diamonds,  bbick,  ortifloial 156 

"boron" IM 

carbon^  artificial 156 

extracts  of  Alpine  plants 155 

glacoae 106 

gino 156 

glycerine 105 

hydrochloric  acid 97, 105 

hydrosalphnroas  acid 106 

iron  liquor,  for  silk  mannfaotare 97 

salts 106 

sulphate 97 

leather  dressing 56 

lime 106 

chloride 97 

malt  preparations   156 

mangan(>8e,  oxide 97 

regenerated 156 

nitrioacid  97.104 

nitro-olizarine 104,105 

petroleum  ether  104 

potassa,  bichromate 101, 109 

chlorate 104 

sulphate 102 

quinone 108, 103 

salts 97 

iron 105 

tin 97,105 

soda 104 

anthroquino-monosulphite 109 

carbonate 108 

caustic 104 

crystals 97 

lye        103 

sulphate 97, 108 

sulphur 9^  10 

sulphuric  acid 97,102,108,106 

fuming  (Nordhansen) 108 

tin,  salts        97. 106 

zinc        •• 106 

chloride 97 

Clocks  and  Watches— 

exhibit 606 

watches- 
collective  exhibit 405, 406 

arranged  by  cities  and  cantons  406 

at  Centennial  Exhibition,  1876 410,411 

not  unifonnly  excellent 407 

not  mmie  by  machinery  {gee,  cUso,  Machio   ry,  bUow) 407 

system  of  piecemeal  hand  manufacture 406 
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SWITZERLAND— Continned. 

CLOCKB  and  "WATCIIE8 —  . 

watches — 

operatives — 

work  performed  by 411 

oppo8«<l  to  new  methods 412 

trade  in,  Iqjured  by  American  competition 410,411 

exports — 

to  United  States 410,411 

declining 410,411 

excellence  increased  by  trials  at  national  obserratories 412 

Machinruy  (including  tools,  implements,  appliancea,  pgoceseea) — 
chemical — 

alizarine  coloring  preparations — 

Bindschedler  Sc  Busch's  process 101-104,105 

chlorine  manufacture— 

Jetzler's  apparatus    53 

plan  exhibited 97 

sulphuric  acid  manufacture- 
pyrites  burners    12 

engines — 

horizontal  condensing  steam-engine :  So<si6t6  Suisse  poor  la  Construction  de  Loco- 
motives et  de  Machines,  Winterthnr,  exhibited 375,  876 

illustration  of 376* 

compound  condensing  steam-engine :  Sulzer  Bros.,  Winterthnr,  exhibited 377, 378 

illustration  of    378* 

watch-making — 

little  used 407,412 

imported  or  imitated  from  United  States 407,408 

disbelief  in 409,410.412 

opposed  by  operatives 412 

HlKIlfO— 

pyrites 9,10 

Railway  Appabatu»— 

exhibits 423 

TsxTiLB  Fabrics— 

dyeing  preparations,  alizarine,  etc 101-104, 105, 156 

silk- 
iron  liquor 97 

dressing  with  thao 127 

Sydney  (New  South  Wales,  Atistralia)— 
mining  industry — 

coal 242 

Syra,  Island  of  (Greece) — 

deposits  of  manganese 54 

Taguilsk  (Ural  Mountains,  Russia)— 
mining  industry — 

platinum 250 

Tahiti  {see  France :  colonies). 

Taillandier,  L.  A  ( Argenteuil,  France) ,  quinine 117 

Talbot  (Victoria,  Australia)— 
mining  industry — 

lead 245 

Talc  («M  Mining). 

Tallawang  (New  South  Wales,  Australia)— 
mining  industry — 

coal  deposits. 229 

gold  deposits 229 

Tamagawo,  K  (Miye,  Japan),  opium 145 

Tambov,  Government  of  (European  Russia) — 
mining  industry- 
iron 266 

Tar  (tee  Chemistry;  alio.  Forestry)— 

replaced  by  pitch  in  artificial  ftiel 187 

Tariff  («m  Protective  legislation). 
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P»ge 
Taamania  (see  Great  Britain :  colonies). 
Tatti  (Italy)— 

lignite,  analy sin  of 307 

Tanssig,  Gottlieb  ( Vienna,  Aostria),  toilet  articles Ill 

Tchemiac  (Franco) — 

process  fur  manufaotnro  of  ferru-cyanlde  of  potassium 15,61,62 

rt'actiouB  involved 61,62 

Teleniark  (Xorway)— 
mining — 

copper 268 

TcnnaDt  (CharleH)  &.  Co.  (Saint  KoUox  Works,  Glasgow,  Scotland) — 

work  borat(.i  mines  at  Sossurbi,  Asia  Minor 58 

soda  productH,  utilization  of  residuea,  oxide  of  manganese,  sulphur,  etc 88,90 

chlorine 53 

Tennessee  (tee  United  States). 

Teredo  unalilo  to  bore  timbers  from  the  eucalyptus 126 

Terek  dei>artmeDt  (Caucasus,  Kussia; — 
mining  industrj' — 

lead 252 

silver 258 

Teruel.  Province  of  (Spain) — 
mining  industry — 

lignite 314 

Te8si6  du  Mut^iy,  C.  M.  (I*aris,  Franco),  bleaching  chemicals,  barium 85 

Tetz,  II.  (Moscow,  Russia),  glycerine  capsules 150 

Texas  (see  Uuited  States). 
TEXTILE  FAIIRICS— 

bleaching  materialH  £2,81,85^99 

"Jarel  water" 81 

sodium  hydrosulphite 26 

dressing — 

thao,a  HuhHtitnto  for  starch, gum,  etc 127. 145 

dyi'ing  materials — 

:ilc-obol lo6 

alizarin*'     10(^1(^8 

Wii«    106-10.< 

aluin 106 

jkAVTiiina 106 

llnminiuin,  sulphate  (for  Turkey  red) 57, 58 

iMIIiraciiie  (iee  alizarine). 

^■Ihraquiuonc 101,102, 103 

#^*nic  aciil 106 

^larytu 105,106.108 

bi^Dzino 104, 106 

calcium,  chloride 108 

chromo 102,106,106,107 

chromium,  acetate 108 

dextrine 107 

glucose    105 

glycerine 105,106,107 

hydrochloric  acid 101, 105 

hydrosulphurous  acid 105 

indijio 105,106,107.108 

iron  105,106,107 

'^tiK' 105,106.107.108 

ndder     80,100,101 

displaced  by  alizarine  100,101, 113 

magnesium,  cliloi  ide   108 

nickel, oxidr 106 

nitro-alizarirn' 104, 105 

nitrous  acid 1 04, 105 

I>ota6h    107 

potai'Miuiii,  ali/.arate 101 

IVn-o-cyanide 108 

eaflVou 113,151.152,155 
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TEXTILE  FABRICS— Continued, 
dyeing  materials — 

soap    .- 100,107,108 

Boda,  anthroquino-monosnlphito 103 

caustic 104,107 

hyposulphite 107 

phosphate 107 

staunito 107 

sodium,  hydrosulphite 20 

starch 108 

strontia  106,108 

sulpholtric  acid 108 

sulphuric  anhydride 23, 103 

acid... 101,102.103,105,106 

fuming 23,103 

sulphurous  acid 25 

tin 105,100 

woad 113,152 

zinc 105,107 

cotton — 

alizarine-blue  dyes 107 

silk- 
dressing  with  thao 127 

iron  liquor 97 

woolen — 

borax  soap,  for  bleaching 160 

sodium  hydrosulphite,  for  printing 26 

Thaler,  Austrian  coin,  derivation  of  the  name 300 

Thames  River  (New  Zealand) — 

gold  mining 233 

Tharsis  (Spain)— 

ancient  Roman  mining  remains 323 

Theiss  Railway  Company  (Hungary) — 

locomotive  exhibited  441, 442 

illustration 442* 

Th61en,  apparatus  for  evaporating  soda  lye 39,80 

Thermissia  (Greece) — 
chemical  industry — 

salt 91 

Thibault  ( France),  apparatus  for  the  manufacture  of  superphosphates 57 

Thirion  (France),  process  of  manufacturing  soda 51 

soda  silicate  for  glass-making 51 

Tholozan,  Dr.,  physician  to  the  Shah  of  Persia,  description  of  the  properties  of  henna 151 

Thomas  (L. )  &  Co.  (Paris,  France),  "Jarel  water  "  for  bleaching,  gallium 81 

Thomas  (Seth)  Clock  Company  ( New  York  City),  exhibit  of  clocks 405 

silver  medal  awarded 405 

Thomasset  &  Driot  (Paris,  France),  hair  belting 401 

Thompson,  H.  A.,  his  writings  on  gold  deposits  In  Australia  quoted 231 

Thomson,  Thomas  (Glasgow,  Scotland),  invented  manufacture  of  sulphuric  acid  from  pyrites 

(1835) 207 

Thorn,  experiments  in  oxalic  acid  manufacture 63 

Thresh  (England),  discoverer  of  capsaicine 129 

Thiinberg  (Sweden),  peat- working  machine 264 

Thiuingia  {see  Germany). 

Tiemann  (Berlin,  Germany),  investigation  of  coniferin,  process  of  making  artificial  vanilla 70, 71 

Tifiis,  Government  of  (Caucasus,  Russia) — 
mining  industry — 

copper 253 

Tilden  &  Co.  (New  York  City),  vegetable  drugs,  extracts,  pills 157 

Tilden  (WUliam)  &  Stokes  (New  York  City),  varnishes 160 

Tilff  (Belgium)— 

mining  industry — 

roUing-miUs 286 

Tin  (M«  Chemistry  I  alio,  Metal- working ;  alio^  Mining). 

Tissler,  F.  (Conqiiet«  Finistdre,  France),  iodine  made  fixim  sea- weed,  bromine,  etc 81, 82 
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TiBy,£.  (Paris,  France),  '^olizir eapeptiqiie   IS 

Todd,  A.M.  (Nottawa,  Mioh.).  essential  oils Ill 

Toenioh  (Belgium)— 
mining  industry- 
iron 2S) 

Tokio  (Japan) — 

chemical  industry — 

beeswax 145 

vegetable  coloring  matters 14^ 

Tommasi,  Antonio  (Perugia,  Italy),  asparagine 142 

Tomsk,  Government  of  (Siberia,  Ilussia) — 
mining  industry- 
coal 258 

copper 253 

gold 249 

iron 257 

lead tSU 

silver 2S8 

Tonne  (=1, 000  kilo8.=2,205  pounds),  definition  of ._ 171 

Tools  (8ee  Machinery). 

'I'orchou,  C.  (Paris,  France),  propylio  chloral,  animals  preserved  by  injected  chloral 120 

Toronto  (Canada) — 

chemical  industry  77, 112 

Torregrosa  (Spain) — 
chemical  industry — 

soda  ash 96 

Torregrosa,  Count  de  (Torregrosa,  Spain),  soda  ash 96 

Toula,  Government  of  (European  Bussia) — 
mining  industry — 

iron 236 

coal 25« 

Tramways  {aee  Railways). 
TransbaJikal,  Government  of  (Siberiai,  Bussia) — 
mining  industry — 

gold 24i) 

iron 257 

lead  2M 

silver 252 

Travancore  (British  India) — 
forestry — 

cinchona  cultivation 138 

Trie8t(  Austria)— 

chemical  industry 73 

plUs 100 

soda 73 

Trinidad  {see  Great  Britain :  colonies). 
Tromsu  (Norway) — 
chemical  industry — 

cod  liver  oil .^ 116 

Trondl^jem  (Norway) — 
chemical  industry — 

cod-liver  oil 146 

potassa,  bichromate 16 

mining — 

copper 2flB 

Trouillet,  Auguste  (Paris,  Franco),  nnmbering-maohlnes,  for  notes,  tkdceiti,  eto 994 

T^am,  Chinese  mining  implement,  description  of Ml 

Tuapeka  River  (New  Zealand) — 

gold  mining 233 

Tufo  (Italy)— 

chemical  industry — 

Hulphur ......•••... ..»..  93 

Tiinabcrg  (Sweden) — 
mining  industry- 
cobalt .....•—•••••••••.••.•........         SK 
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TUNIS— 

Chsmibtut  and  Pharmact— 

exhibit 162 

exhibitors,  namber  of 7 

products — 

aniae 162 

carra  way  seeda 162 

coriander 152 

cumin 152 

foonugreok 152 

henna 162 

pistachio  nuts    152 

Tunyoap  Manufacturing  Company  (Boston,  Mass.),  leather  dreuing  from  petroleum  waste 160 

TnTck,  snutioo-ii^ectors  for  locomotives 432 

Turin  (Italy)— 

chemical  industry — 

ammouia,  sulphate 94 

iron,  iicetate 94 

oxide 94 

sulphate  94 

magnesia,  sulphate 04 

soda,  sulphate 94 

sulphur 92 

sulphuric  acid 92,94 

mining  industry' — 

iron 308 

TiLrk  (Nancy,  France),  ammonia-soda  manufacturing  process 44 

TURKESTAN— 
Mlnino — 

coal 258 

bituminous 258 

lignite 258 

production 258 

TURKEY  dee,  also,  Constantinople). 

MlN'INO  IXDUBTRIES— 

imports — 

tin  from  Great  Britain 221 

zinc  from  Great  Britain 294 

exports — 

coal  to  Russia 261 

Tuscany  (»ec  Italy:  provinces). 

Tweddell,  R.  11.  (London,  Engluid),  hydraulic  machinery 398 

Tync  Alkali  Company  (Newcastle,  England),  soda,  potash,  satin  white  firom  barinm 90 

Tyrol  (tee  Anstria-IIungary :  provinces). 

Uckerath,  (Prussia,  Germany) — 
mining  industry — 

copper  287 

lead     287 

zinc  blende 287 

onvdressiug  works 287 

Udine  province  (Sicily,  Italy) — 

bituminous  coal  deposits  (unimiN>rtant) 307 

Ueberbacher,  P.  (Bozcn,  Tyrol,  Austria),  caraway  oil  and  liqueur,  honey,  butter,  turpentine, 

pitch 110 

Uetikon  (Switzerland)— 
chemical  industry — 

acid,  hydrochloric 97 

nitric 97 

sulphuric 97 

copper,  sulphate 97 

iron,  liquor  of,  used  in  silk  mannfactnre 97 

lime,  chloride 97 

salts 97 

soda.  97 


672  INDEX. 

Page. 

Uetikon  (Switzerlaud)— Continued, 
chemical  iudustry— 

sulphur 97 

tin  Baits 87 

zinc,  chloride 97 

Uleaborg,  Govenimcnt  of  (Finland,  Hussia) — 
mining  iuduatry — 

gold 248 

iron 257 

UNITED  STATES- 

CHRMISTUY  and  rilAUMACT— 

exhibit,  chemical 0  noU,  97-100 

pharmaceutical 156-18? 

inadequate • 7.8,97 

owing  to  tardy  action  of  Congress 7 

illiberal  appropriation  by  Congress 8 

exhibitors,  nuqiber  of 7 

awards,  number  of 7 

proportionately  in  excess  of  other  countries B 

condition  of  tho  induHtry 8, 97,  M 

need  of  a  foreign  market 8 

excluded  from  France  by  protective  legishition 8 

undue  di-peudence  on  Europe 98, 99 

points  of  manufacture 96 

manufactures — 

borax 9^  99 

bromine 54,srv98 

destniyrd  European  manu£EM;turo  from  kelp 54, 55 

takiug  tho  place  of  chlorine 99 

•'elesaut  pharmacy"' 11'*,  ir»7. 158 

saltpiiter 99 

soda,  natural        :u:.«,99 

from  ( Ireenlantl  cryolite 33,  ftS 

sulphuric  nci<l 10, 9^ 

free  from  arsenic 10 

pro<luct8,  by-products,  materials — 

acid,  sulphuric 10. 9S 

alkathrepta  (cacao  preparations) IdO 

alum flu 

ammonia,  Hulphate 99, 161 

aniyl,  nitr.ito 157, 161 

apollo  fat 161.162 

axle-;;rea8e 159 

bark  extract,  for  tanning 160 

berberim',  hydrochlorate 100 

salts 157 

blacking    16i» 

bleaching  powder 99 

borax    08,99,100,161 

bromine 54, 55, 9P,  99 

cacao 180 

camplior 99, 161 

m<mobromide 99, 157,161 

castor-oil 161 

chlorine 99 

cod-liver  oil \4i 

c<dors 98 

cosmolino 161, 162 

cosniolubric I65 

**«'le;::uit  phaimacy  " 112 

elixirH 158 

opHom  salts 99,161 

t-rigeron  oil 159 

extracts,  bark,  for  tanning 160 

licorice-root - 160 

vegetable 157 

glycerine ft^lO 
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UNITED  STATES-Continued. 
Chkmutuy  and  Piiarmact— 

products,  by-products,  materials^ 

gly  cy  rrlii^tine 100 

iron,  broiiiido 56 

dlalyzed 158 

jervia TOO 

lead.uc«tate 100,161 

leather  dressing 160 

licorice  root,  extract 160 

lubricino 150 

mineral  wutei s 150 

mint,  oil 159 

morphia 100,161 

oils '. 08 

castor 161 

cod-liver 148 

essential 157,150 

erigeron 160 

oraDge-fiowors 160 

peppermint 150 

petit-grain 159 

sassafras 150 

spearmint 150 

tanzy 150 

wormwood 150 

flaxseed  162 

illuminating 160 

linseed 162 

lubricating 150,160 

apoUofat 101,162 

cosmoline 161, 162 

cosmolubrio 162 

sewing-machine 150 

vaseline 161 ,  163 

petroleum 98, 1 61 

peppermint  oil 150 

pepsin,  saccharatcd 158 

perfumes 98,116,160 

petit-graiD,  oil  of 150 

petroleum 98,161 

piUs 158,169 

sugar-coated 157, 158 

plasters 1 00 

potash,  prussiate 99, 101 

potassium,  bromide '. 100, 161 

iodide 100 

powders,  bleaching 09 

medicinal 158 

pyrites 0,08 

quinia,  Tolerianate 100 

saltpeter 99,161 

salts,  berberine 157 

epsom 99,161 

morphia 100,161 

sassafras,  oil  of 150 

soap 08,160 

soda 98,99 

natural 33,09 

from  G  reenland  cryolite 33, 99 

spearmint,  oil  of 150 

strychnia 100, 161 

sulphur 10,08 

sulphuric  acid 10,08 

tanuinjr,  eztraot  of  bark  for 160 

tansy  oil  ISO 

43  P  E— VOL  4 
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UNITED  STATES— Continued. 
C11RMI8TUT  AND  Pharmacy— 

products,  by-proilucts,  materials — 

toilet  articles - lOD 

turpentine 151 

vanilla ...--. 67 

varnish Iflo 

vaseline 1 ISl.lG.' 

wormwooil,  oil  of .'.. laB 

production  and  consumption — 

bleaching-powder 99 

borax M,to 

bromine 54,55^99 

chemicals 96 

colors 8»» 

gas  and  by-i)roducts W 

oils 9» 

perfumes fcj 

petroleum 88 

phamaceutical  products W 

pyrites 9,98 

soap      Sj? 

soda         33,99 

sulphur 9, 98 

vanilla      G9 

exports — 

to  France,  prevented  by  her  protective  logislfttion ^ 

borax    99 

bromine 54,55.99 

saltpeter  to  RuHsia 28,99 

imports — 

bleachinK-powdor-from  Groat  Britain 99 

chemical  apparatus — 

sulphuric  acid  concentrator  from  France 20 

cod-liver  oil  from  Norway ll*" 

cr>'olite  from  Greenland    33, 98 

perfumes  fn>m  France 116 

soda  from  Great  Biitain 99 

sulphur  from  Sicily 9, 98 

wines  from  Portugal 150 

Clocks  and  Watches— 

exhibite 405 

awards  to    405 

clocks — 

exhibits  of 405 

pneumatic  clock '. 405,406 

watches — 

exhibits  405,400,407,411 

watch  cases 405 

machine  Hystem  of  manufacture  {see,  alto,  Machinery,  beiow)    406-411 

description  of^  in  Judges'  Reports  of  the  Centennial  Exhibition,  referrwl  to         409 

peculiar  to  United  States 408 

origin  jmd  growth  of 409, 411 

a<lvantages  of— 

interchangeable  parts 408, 409, 410 

superior  workmanship 408, 409. 411, 412 

cheapness 408,410.411 

iucri'used  i)roduction 411 

operatives  eniploye<l 409, 411 

imitated,  on  a  small  scale,  in  France .408,409.412 

Switzerland 408,400,412 

Woerd's  compenMiting  balance 412-414 

micrometer    414 

imports — 

from  Switxcrhuid  (before  1850) 410 

diminished 410 
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UNITED  vSTATES— Continued. 
Clocks  axu  Watciim— 
watche»~ 

exports — 

to  AuBtnOia 410 

Great  Britain 410 

India 410 

■eed  of  national  obM>r\-atorieR 412 

ind QHt ry  Htimnlated  by  international  exhibitioDB 414, 4 1  '> 

Forestry— 

turpviitino    I.'i9 

bark  extract,  for  tanning IW) 

GLAB8— 

materiala — 

soda,  carbonate  47 

Machinrry  (including  tools,  implements,  appliances,  prooeasos)— 

exhibit  inadequate 3'Jl 

engines — 

American  patterns  imitat<Ml  in  Europe 865, 366, 367, 368, 372, 377, 3«0 

automatic  cut-off  steam  engine :  Jerome  Wbeclock,  Worcester.  Ma8S.,oxhibited . .  368, 3G9-371 

illustrations  of 370*,  371* 

operated  machinery  in  sections  of  Norway,  Sweden,  United  States 3G!) 

awarded  a  grand  prizr 3€9 

locomotives  {iee  Kailway  Apparatus), 
machine  t4M)]8 — 

planers  of  W.  Sellers  &.  Co.,  Philadelphiai,  Pa.,  unintelligent  imitation  of,  in  France.         305 

emery-wheels :  Brown  Sc  Sharpo  Manufacturing  Company,  Providence,  R.  I 307 

small  tools :  gear-cutters,  taps,  reamers,  drills,  rules,  gages,  etc   397 

molding-machine  for  foundries :  Aiken  Sc  Drummond,  Louisville,  Xy 307, 398 

metal-  working — 
pyrit«^s — 

I*lattner  chlorinatitm  proce A 235 

silver — 

Luce  &,  Rosan  (French)  concentrating  process  187 

mining — 

no  exhibit  of 235 

ore  and  stone  crusher:  Blako  Cmsber  Company,  New  Haven, Conn.,  model  ex- 

hibite<l 39-J 

alleged  "  improvements"  upon,  in  Europe 392 

umMl  in  Austria   ,* 302 

stamp-batteries 208,299 

watch-making — 

notexbibited 405,406 

exhibitof,  at  Centennial  Exhibition,  1876 406 

description  of,  in  Rei>orts  of  Centennial  Exhibition,  referred  to 409 

produces  interchangeable  parts 408, 409 

superior  work 408, 409, 411 

cheaper  work 408, 411 

greater  quantity 411 

originally  employed  by  Boston  Watch  Company 409 

used  by  American  Watch  Company,  Walthom,  Mass 409-411 

imitated  or  imporietl  in  France 408,409,412 

SwitzerUnd 408,409,412 

Mining— 

reiMrt  limited  to  bullion  production 345 

paper  on  "The  Production  of  the  Precious  Metals  in  the  United  States,"  by  Dr. 

Adolph  Soet beer,  translated  and  quoted  345-361 

[Note. — The  gold  and  tUver  production  of  tht  VnUtd  State*  is  indexed  in  detail 
below,  under  the  tUlee  qf  the  producing  Statee  and  Territones,  vie  : 
Alabama,  Idaho,  Tennessee, 

Arizona,  Montana,  Utah, 

California,  New  Mexico,  Virginia, 

Colorado,  North  Carolina,  Washington  Territory, 

Dakota,  Oregon,  Wyoming.) 

Georgia,  South  Carolina, 
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TTNITED  STATES -CoDtinaed. 

IflNlMG — 

prodaction  and  consumptioii — 

coal 171,216 

copper 175,213,222 

gold 173,197,284,345-361 

iron 172,188,309 

ore 172 

pig 172 

wrought 172 

lead 172,205,213,214,222,335 

peat 264 

petroloum 244 

pyrites 9,98,235 

qnicksaver 354,355,336 

silver ; 178,203,234,34^-361 

steel ! 172 

solphnr 9,fi8 

tin 212,221 

zinc 173,224 

exports — 

copper — 

to  France 175 

gold 346,847,340.350.355 

fh>m  San  Francisco 846,347,348,340,350,355 

via  Panama 348,350 

to  China 348,350 

Japan 350 

New  York 330 

lead — 

to  Great  Britain 205 

petroleum — 

to  Australia 244 

saver 347,358 

imports — 
coal — 

from  Great  Britain 215,225 

copper — 

from  Great  Britain 218,222 

gold— 

from  British  Columbia 347,349,853.354 

Mexico 847,849,353,354 

iron— 

ttom  Algeria 189 

Elba 309 

lead— 

from  Great  Britain 205, 213, 214, 228 

tin— 

flfom  Great  Britain 221 

zinc — 

from  Great  Britain 224 

Railways  (including  apparatus,  material,  fixtures,  etc.)— 

exhibit 419.445,468,469 

inadequate 408,469 

extent  of 421 

differences  in  construction  and  administration  from  European  railways 421, 422, 445^  469 

street-railway  caw — 

designs  imitated  in  Europe 450,461 

exhibits 461 

muton  fur 463 

brakes — 

Westinghouse  air-brake 466,467,469 

used  in  Belgium 467 

France 446.467 

Germany 407 

Grout  Britain 467 

3n  Ceintnre  Itailway  at  tho  Exposition 467 
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UNITED  BTATES-CoDtinaed. 
Kailwatb— 

car-wheels,  exhibited 4(0 

locomotive :  Philadelphia  and  Beading  RaUroad  Company,  exhibited iOH 

8leepiugK»r,  Pullman's,  exhibited 447, 449, 409 

Textile  Fabbiq^— 
woolen — 

borax  soap  used  in  bleaching 180 

ALABAMA— 
Mining — 

gold 846 

production,  1804-'50 346 

ABIZONA— 
MwiXG — 

production — 

of  gold  not  distinguishable  from  ailTer 847 

gold  and  sUver,  1868-75 851,392 

1876-'77 8S8 

toial  product 354 

silver,  1876 '. 360 

abundant  water  supply 356 

CALIFOBNIA  (tee,  alto,  San  Francisco)— 

paper  money  not  ciroulatcd :  specie  the  only  medium 348 

Mining — 

gold  345-361 

lineness  compared  with  Australian 281 

standard 848 

discovery  of 846 

the  principal  yield 356 

hydraulic  washing 349,856,856 

imitated  in  New  Zealand 338 

loss  of,  in  quartz-stomping 335 

importance  of  water  supply 229, 856 

pyrites — 

PlAttner  chlorination  process 235 

.quicksilver 354,855 

used  in  milling  silver  ores 854 

price 854^855 

silver — 

stamp  batteries  used  in  Austria 298, 2Sld 

pnxluction — 

difficulty  of  estimating 846,848 

methods  of  estimating 858,859,860 

of  gold  indistinguishable  from  silver 347 

gold  and  silver,  1868-75 351,352 

1876-'77 858 

total  product 354 

exports  from  San  Francisco   346, 347, 348, 849, 850, 355 

via  Panama 848, 350 

to  China 348,850 

Japan 350 

New  York 350 

gold,  decrease  in 848, 349, 354 

quicksilver 354,355 

silver 300 

operatives — 

Chinese  as 349 

wages 349 

COLORADO— 
Mining — 

production — 

of  gold  indistinguishable  from  silver 34© 

gold  and  silver,  1808-75 351,352 

1870-77 353 

total  product 354 
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UNITED  STATES— Continued. 
COLORADO- 

MlNIKG— 

production — 

proportion  of  gold  to  silver 355 

silver 360 

abundant  water  supply 356 

CONNECTICUT  {set  Ansonia,  Lime  Rock). 
DAKOTA— 

MlMIHG — 

production — 

gold  and  silver 353, 354 

abundant  water  sui)pl3* 856 

GEORGIA— 

MlNIHO— 

gold 346 

production 346 

IDAHO— 
MncDfO— 

production — 

of  gold  not  (lisLinguisUable  from  silver 347 

gold  and  silver,  1868-75 351,852 

1876-'77 353 

total  product 854 

silver 860 

water  supply  abundant • 856 

KENTUCKY  {ae4  LouisviUe). 
LOUISIANA,  (see,  also.  Now  Orloai.s)— 

F0BE8TBY— 

turpentine 150 

MARYLAND^ 

ClIEMlSTUY  AND  PllAKMACY— 

sassafras,  oil  of 159 

MASSACHUSETTS  {see,  also,  Boston,  Roxbury,  Walthnm,  Worcester)- 

WATCn-MAKUIG— 

macbine  system  of  manufacture* *. . .  408-411 

origin  and  growth  of 409,411 

description  of  works  at  Waltbam,  m  Judges'  Reports,  Centennial  Exhibition, 

referred  to 409 

operatives  employed 409, 411 

MICHIGAN  {see  Centreville,  Nottawa). 
'    MONTANA— 
MnciNC — 

I>roduction — 

of  gold  not  distinguisliable  from  silver 347 

gold  and  silver,  1868-75 851. 852 

1876-77 353 

'  totalproduct 354 

silver,  187« 36(1 

dependent  on  water  supply  .  356 

NEVADA  {see,  also,  Comstook  Lode.  Eureka)— 
Mining — 

productiou — 

of  gold  not  distinguishable  from  silver 347 

gold  and  silver,  1868-75 861,852 

1876-77 353 

total  product 354 

ComstockLodo 355 

gold,  1871-70 360 

silver 354,357 

1871- 76 360 

method  of  OMtimating 358,350 

Luce  &.  Rosan  process  of  concentrating  silver 187 

water  supply  abundant    366 
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UNITED  STATES— Continued. 
NEW  MEXICO— 
Mining— 

production — 

of  gold  not  distinguishable  from  silver 347 

gold  and  silver,  1868-75 851.852 

187a-"77 353 

total  product 354 

gold  the  principal  y  ield 355 

silver 360 

dependent  on  water  supply •- 356 

NEW  YORK  {see  Brookljn,  Buffalo,  Long  Ldand  City,  Lyons,  New  York  Citv,  Phelps). 
NORTH  CAROLINA— 
Mlning — 

gold 346 

production 346 

OHIO— 

ClUCMlBTBT  AND  PUARMACT— 

bromine 55, 08 

OREGON— 
MnriNO— 

production— 

of  gold  indistinguishable  from  silver 847 

gold  and  silver,  1868-75 361.352 

1870-77 353 

total  pro<luct 354 

abundant  water  supply 356 

PENNSYLVANIA  {see,  alto,  PhUndelphia)— 

CIIBMI8TUT  AND  PlIAUMACT— 

brouiiue 55 

Rodii,  from  Greenland  cryolite 96 

RHODE  ISDAND  aee  Provld.nce).  , 

SOUTH  CAROLINA— 
Mlnl\(; — 

gold 846 

produition,  1804-50    346 

TENNESSEE— 

MiNIKti — 

gold 846 

production,  1804-50  346 

UTAH— 

M  IN  INC — 

production— 

of  gold  indistinguishable  firom  silver 347 

gold  and  silver,  1870-75 851.852,354 

1876-'77 353 

total  product 354 

chiefly  sUver  from  lead 355 

gold,  1874 855 

silver,  1870 860 

abundant  water  supply 856 

VIRGINIA  (tiff,  aUo,  Burkoville,  Well- Water). 

CnSMISTKY  AND  PlIAItMACY — 

sassafras,  oil  of 150 

MlNlNO— 

gold 846 

production,  1804-'50 346 

WASHINGTON  TERRITORY— 
Mining — 

production — 

of  gold  not  distinguishable  from  silver 347 

gold  and  silver,  1868-75 851,852 

1875-70 858 

total  product 854 

abundant  water  supply    356 
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UNITED  STATES— Contdimed. 
WEST  VIRGINIA— 

GHRH18TUT  AKD  PHABHACT— 

bromine 55 

WYOMING— 

lilKDiO  AND  MBTALLUROT— 

natni-ol  soda  doi>08it8 33 

product  ioD — 

of  gold  indfstingaiahable  from  silver M7 

gold  and  silver,  1868-75 351,852 

1870-77 863 

totalproduot 354 

United  States  Congress — 

inade<|Tiate  provision  for  the  Exposition 7,8 

occnsioned  inadequate  representation  of  tbo  country 7, 8, 391, 408, 409 

United  States  Department  of  Agriculture  (Washington,  D.O.esscntinl  oils 159 

RTvards  to  exhibits  by 182 

Universal  Exhibition  {see  International  Exhibition). 
Uiwala  (Sweden) — 

Chemical  industry — 

aseptino 152 

boricacid     ... 152,153 

Ural  MoQutains  (Russia) — 

mining  industry  247 

iron 247.257 

gold 249,250 

vein  mining 249, 250 

nickel 254 

platinum 250,251 

silvir 252 

Uranium  (see  Chemistry ;  eUeo^  Mining). 
URUGUAY—  , 

Chemical  exhibit 155 

Usinesdes  Moulius  (Ghent,  Belgium),  soda,  acids,  benzine,  etc 78 

Utah  (see  United  States). 

Val  di  Ledro  (Tyrol,  Austria)— 
chemical  industry — 

magnohia    75 

Vale  of  Clwydd  (New  South  Wales,  Anstralin)— 
mining  industry — 

coal 243 

ValentinCocq  (BtUgium)— 
mining  industry — 

sine 286 

furnaces 286 

sine-white  works 286 

colliery 286 

Valentine,  method  of  producing  ferro-cyanide 80 

Valentine,  Hupi^riutendeut  of  Wells,  Fargo,  &  Co.'s  Express,  estimate  of  bullion  shipments  fh>m 

Rocky  Mountain  mining  regions 350,353,358 

Valeri,  B.  (Viconza,  Italy),  castor-oil 142 

Vallengo  (Portugal) — 
mining  indu8try — 

coal,  ant  bracite 820 

Van  Diemon's  Land  (see  Great  Britain :  colonies:  Tasmania). 
Varon6ga  (Russia) — 
chemical  industry — 

essential  oils,  anise 150 

mint 150 

Varrall,  Elwell,  &,  Middloton  (Paris,  France),  planing-machines 894, 806 

Vauqucliu,  L.  N.  (Paris,  France),  extraction  of  potassium  salts  from  suint  of  raw  wool 29 

Vedrin  (Belgium)— 
mining  industry — 

iron - 279 
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Vena  dulce,  Biscay  an  iron  ore,  red  homatite,  definition  of. 816 

analyaisof  817 

Yenetia  {see  Italy:  provinces). 
VBXEZUELA— 

Chkmistky  ahd  Puabmact— 

exhibit 154 

condition  of  the  industry 154 

products— 

caoutohoac 154 

cedar.rcsin    154 

ceradilla 154 

cinchona  bark 154 

cochioeal 154 

copaiba 164 

dye  stuffs 154 

sarsaparilla 154 

simarouba 154 

tanning- materials     154 

tonqna  beans 164 

Railwats— 

Fairlie's  (English)  doable-boiler  narrow*gage  locomotives  used  on 452*,  453 

Yenezuelon  Government  Hallway,   Fairlie's  (English)  double-bogie  narrow-gage  locomotive 

usedon 453,4^ 

illustration  of 452* 

yerangeviUe-Dombaslo  (France)— 
chemical  iudustry — 

sodi 46,81 

calcium,  chloride  81 

Yermilion  {see  Chemistry ;  cUso,  Mining). 
Yerona  (Italy) — 

lignite  deposits 307 

Yerzjl  (G.  G.)  &  Co.  (Wilsele,  Belgium),  saltpeter,  soda 76 

YestQord  (Norway)— 
fishery- 
cod  146,147 

Yeisia  (Belgium) — 
mining  industry — 

iron 279 

Yiatka,  Government  of  (European  Russia) — 
mining  industry — 

copper  253 

iron 266 

Yiborg,  Government  of  (Finland,  Russia)— 
mining  industry — 

iron  207 

tin 247,253,254 

Yioensa  (Italy) — 

chemical  industry — 

castor-oil 142 

mining — 

Ugnite 307 

Yictoria(«e0  Great  Britain:  colonies:  Australia). 

"Victorian  Year  Book  "cited 288 

Yieille-Montague  {see  Soci6t6  Anonymo  des  Mines  et  Fonderies  de  Zinodela  Vieille-MoDtagne, 

Lidge,  Belgium). 
Vienna  (Austria) — 

chemical  industry 103 

ammonia 75 

camphor Ill 

cinnabar 76 

essential  oils 100 

extracts 109 

fruit  essences 109 

gelatine  preparations 108^109,111 

mercury 75 
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Vienna  (Austria) — Continued, 
chemical  induBtry — 

0£okerit 72 

paraffine 72 

perfumery,  toilet  articles 109,  Ul 

potash,  prussiate 78 

prepared  herbs 109 

saltpeter 75 

soap 109,1U 

sulphuric  acid 78 

tartaric  acid W 

uranium 75 

vanadium 75 

gas  works,  ammonia  produced  tram  the  waste  of 75 

machinery  manulacturt^ — 

steamengines 372, 373*.  374*.  876 

railwi^  apparatus  manufactured — 

passenger  cars 428 

fireightcars 428 

locomotives 428 

Polytechnic  School — 

tests  of  steel  boiler  plutes  made  at 441 

Vienna  Exposition  {see  iDtcraatioual  Exhibitions). 
Vienne  (Is&re,  France)— 

machinery  manufactured— 

paper- working  machines 802 

VilU  Real  (Portugal)— 

mineral  waters 149 

ViUach  (Carinthia,  Austria)— 
mining  industry- 
lead 293 

Villevert  (France),  engineer  and  railway  constructor,  essay  on  cheap  railways  referred  to 426 

views  of  gage  of  railways 454 

Ville-en-Waret  (Belgium) — 
mining  industry- 
iron 279 

Vilna,  Government  of  (European  Russia) — 
mining  industry — 

iron 256 

Vilvorde  (Belgium) — 
chemical  industry — 

soda 44 

Vincent,  C.  (France),  method  of  distilling  potash  from  beet-root  sugar  residuum 80 

soila  manufacturing  process 60 

Vineyards  in  Fi-anco,  devastated  by  the  phylloxera 79 

(See,  aUo,  Agriculture  ;  aUo,  Phylloxera.) 
Virginia  {tee  United  States). 
Vivies  ( Aveyron,  France)- 
mining  industry — 

furnaces 287 

Vlaanderen,  Dr.  C.L.,  constructor  of  furnace  for  reducing  tin  ore 342 

analysis  of  Banca  (Dutch  East  Indies)  tin 343 

Vladimir,  Government  of  (European  Russia) — 
mining  industry- 
iron 266 

Volhynio,  Government  of  (European  Russia)— 
mining  industry- 
iron 266 

Vologda,  Government  of  (European  Rnss'la)— 
mining  industry — 

iron 866 

Voralberg  (Tyrol,  AuHtria)- 
chemical  industry- 
sulphuric  acid 78 

Vorster,  writings  on  the  Glover's  tower 17, 18 
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▼nlcano,  Island  of  (Italy)— 
chemical  industry — 

boracic  acid ©2 

mining  indaatry— 

borates 59 

Waag  (A.)  &,  R.  Kepmann  (Doabovka,  Russia),  etherial  oils  of  mustard  and  peppermint 150 

Wagenmann,  Seybel,  &.  Co.  (Liesing,  Vienna,  Austria),  chemical  products,  sulphuric,  nitric,  tar- 
taric acids,  etc 74,75 

Wagner,  method  of  manufacturing  nitric  acid   26 

Wales,  Welsh  (see  Great  Britain). 

Walker,  furnace  for  burning  pyriti-a 12 

Wallace  Bros.  (Statesville,  N.  C),  plants,  herbs,  dowers 182 

Wallaroo  (South  Australia) — 
mining  industry — 

copper 239 

Wallerawang  (N»nv  South  Wales,  Australia)— 
mining  industry — 

coal   242 

Walters  (Germany),  method  of  manufacturing  sulphuric  anhydride 25 

Waltham,  Mass. — 
manuftictures — 

raachin* -made  watches 406, 400, 411, 412-414 

systvm  of  manufacture  by  machinery 408 

economy  of 408 

advantage  of  interchangeable  parts 408 

pnxluction  of  watches  and  parts 409,410,411,414,416 

exports  to  Australia 410 

Great  Britain 410 

India    410 

operatives  employed 409 

description  of  works  of  American  Watch  Company  in  reports  on  the  Centennial  Ex- 
hibition ri'ferreu  to 409 

Walz,methtMl  of  msinufacturing  nitric  acid 26 

Wander,  Dr.  G.  (Berne,  Switzerland),  preparations  of  malt 166 

Wardrecqu.  ^  (France) — 
cheniicul  industry — 

salts  from  residues  of  alcohol  manufacture 83 

potash,  carltonate 83 

Wargounin«\  E.  (Saint  Petersbur;r,  Russia),  acids,  sulphates,  salts,  general  chemicals 96 

Warner  (William  II.)  <fc  Co.  (PhUadelphia,  Pa.),  sugar-coated  pills  and  grauub>8 157, 158 

Wars- 
Greece,  Peloponnesian  War,  431-404  B.  C. — 

revolt  of  15,0<K)  slave  miners  at  Laurium,  and  suspension  of  the  mines 336 

in  ancient  Gaul  and  mediteval  France — 

checked  mining  industry 174 

Thirty  Years'  War,  1618-'48— 

interrupted  mining  in  France 174 

Bohemia 300 

Greece,  chronic  modem  wars — 

cx)mbined  with  misrule  to  repress  mining  industry 389 

France-Germany,  1870-71— 

transfer  of  Alsace-Lriraine  trom  France  to  Germany 176, 424 

daniajied  iron  industry  in  France 176 

Spain,  Carlist  War,  1872-75— 

checked  mining  industry  in  Spain 190,316 

stimulated  minintj:  industry  in  Algeria   100 

Russia-Turkey,  1877-78— 

occasione<l  export  of  saltpeter  from  TTnited  States  to  Europe 28, 99 

Warsaw  (Russia)  — 
chemicjil  industry — 

acid,  chromic 06 

magnesia,  carbonate 96 

sulphate 96 


